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'Subsequent  to  the  completion  of  the  feasibility  phase  of  the  ATEC  Digital 
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Analysis  for  the  FKV  type  digital  transmission  systems.  The  resulting  DATEC 
system  was  then  field  tested  using  the  facilities  of  the  digital  transmission 
test  bed  located  at  Ft.  Huachuca,  Arizona.  The  purpose  of  the  field  evaluation 
was  to  confirm  the  basic  concepts,  exercise  and  test  the  developed  hardware 
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'and  software,  and  verify  DATEC's  capabilities  to  accomplish  PA/FI/TA  in  the 
operational  environment  of  an  operating  digital  transmission  system.  These 
DATEC  capabilities  are  directed  towards  the  centralized  nodal  monitoring 
of  numerous  digital  transmission^  links. 


The  DATEC  field  evaluation  confirmed  both  the  practicality  and  advantages 
inherent  in  automated  digital  system  monitoring,  insofar  .is  enabling  the 
centrally  located  controller  to  perform-mce  assess,  trend  analyze  and  fault 
isolate  the  digital  transmission  system  for  numerous  failure  occurrences  and 
patterns  and  system  parameter  degradation.  DATEC  enables  technicians  to 
monitor  in-service  system  parameters  thereby  enhancing  system  performance  and 
allowing  more  efficient  utilization  of  maintenance  resources. 
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SUMMARY 


Rome  Air  Development  Center  Technical  Report,  RADC-TR-76-302 , 
dated  October  1976,  ATEC  Digital  Adaptation  Study,  described  the 
monitoring  system  requirements  for  PA/FI/TA  applicable  to  a 
digital  data  transmission  system  comprised  of  microwave  radio 
links  and  PCM/TDM  multiplex  terminals  interfaced  with  FDM  multi- 
plexers to  the  subscribers'  equipment.  The  study  determined  that 
certain  ATEC  hardware  adaptations  would  satisfy  the  monitoring 
requirements.  These  adaptations  would  permit  the  monitoring 
of  the  3 level  partial  response  radio  baseband  signal  plus  the 
counting  and/or  latching  of  transient  system  and  equipment  events, 
e.g.,  multiplexer  frame  errors  and  reframes.  Software  adapta- 
tions provide  for  system  monitor  point  scans,  operator  inter- 
action, data  analysis,  and  CRT  display  generation. 

The  hardware  selected  for  adaptation  were  the  Converter-Monitor 
Group,  Baseband,  0U-116(V)/G  commonly  referred  to  as  the  Baseband 
Monitor  (BBM)  which  was  adapted  to  measure  the  3-  level  partial 
response  signal  and  is  referred  to  as  a Baseband  Eye  Monitor 
(BEM) ; and  the  Relay  Assembly  Group,  OK-329 (V) 1/G,  commonly  called 
the  Form  A Scanner  which  was  converted  to  a combination  of  Form  A 
Scanner  and  event  per  unit  time  (EPUT)  monitor,  commonly  referred 
to  as  the  EPUT. 

After  successful  in-plant  testing  of  the  adapted  hardware  and 
software,  in  conjunction  with  the  control  hardware,  the  Digital 
ATEC  (DATEC)  system  was  shipped  to  Fort  Huachuca,  Arizona  where 
it  was  interfaced  with  the  digital  data  transmission  test  bed 
for  field  evaluation  in  a simulated  operational  environment. 

This  report  describes  the  hardware  and  software  development,  the 
results  of  the  field  evaluation,  and  provides  recommendations  for 
improved  system  operating  features. 
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EVALUATION 

The  Digital  Automated  Tech  Control  (DATEC)  Adaptation  Program 
sought  to  answer  the  questions:  (1)  What  should  be  monitored  for 
performance  assessment,  fault  isolation  and  trend  analysis  (PA/FI/TA) 
of  typical  military  digital  transmission  systems.  (2)  What  measure- 
ments, data  collection  and  analysis  should  a digital  monitor  system 
perform.  (3)  Is  the  present  analog  Automated  Tech  Control  (ATEC) 
system  capable  of  satisfying  the  measurement  and  analysis  require- 
ments, either  unmodified  or  with  minor  adaptations. 


The  result  is  the  confidence  tiiat  the  existing  ATEC  system  augmented 
by  minor  hardware  and  software  adaptations  can  satisfy  all  the  PA/FI/TA 
requirements  for  the  Digital  European  Backbone  phase  one  (DEB-I)  Trans- 
mission System.  The  hardware  adaptations  permit  the  monitoring  of 
the  3 level  partial  response  radio  baseband  signal  olus  the  counting 
and/or  latching  of  transient  system  and  equipment  events,  eg.,  multiplexer 
frame  errors  and  reframes.  The  software  adaptations  provide  for  the 
communication  system  monitor  point  scans,  operator  interaction, data 
analysis  and  CRT  display  generation. 

The  problem  addressed  in  the  DATEC  program  v/as  that  of  monitoring 
a communications  network  composed  of  unmanned  or  minimally  manned 
sites.  Based  uoon  the  different  communications  system  strata  of  the 
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DEB-I  system  a monitor  system  hierarchy  was  developed  that  provides  an 
organized,  step-by-step,  layer-by-layer  assessment  of  the  communications 
system.  The  requirement  to  reduce  Operator  and  Maintenance  (O&M) 
personnel  led  to  the  additional  concept  of  "nodal  control",  which  is 
defined  to  be  the  coordination,  supervision,  operation  and  maintenance 
management  of  portions  of  the  DCS  from  a central  site.  Thus,  the  total 
concept  includes  two  independent  monitoring  systems:  (1)  The  Sudden 
Service  Failure  System  (SSFSS),  and  (2)  The  DATEC  Monitoring  System. 

The  SSFSS  is  an  equipment  alarm  scanner  system  that  rapidly  reports 
the  loss  of  communicatiPfis  system  service  to  the  nodal  site.  The 
DATEC  Monitoring  System  is  a computer-based  system  which  is  used 
to  report  communications  PA/FI/TA  information  via  a Cathode  Ray 
Tube  (CRT)  display. 

The  DATEC  field  test  program  was  performed  on  the  Ft.  Huachuca  to 
Site  Sibyl  AN/fRC-162  radio  transmission  test  link  located  at  the 
U.S.  Army  Electronic  Proving  Grounds,  Ft.  Huachuca,  Arizona.  The  test 
program  addressed  DATEC  system  and  equipment  performance,  accuracy, 
and  effectiveness  in  accomplishing  PA/FI/TA  on  the  transmission  test 
link.  The  system  evaluation  phase  of  the  test  program  addressed  DATEC 
PA/FI/TA  effectiveness  as  judged  by  experienced  tech  controllers  from 
Ft.  Huachuca  and  Richards-Gebaur  AFB  who  participated  as  members  of  the 
field  test  team.  Typical  transmission  system  failure  and  degradation 
scenarios  were  executed  while  the  tech  controllers  sought  to  identify 
and  isolate  system  and  equipment  problems.  The  DATEC  system  was 

determined  to  be  effective  and  of  definite  value  in  providing  specific 
transmission  system  information  relative  to  PA/FI/TA.  Additional 
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testing  was  conducted  using  the  Avantek  DR8A  2 bits/Hz/sec  digital 
radio  (the  prototype  for  the  Digital  Radio  and  Multiplexer  Acquisition  - 
DRAMA  - Conmuni cations  System)  in  place  of  the  AN/FRC-162  radio 
communications  system. 

As  the  DATED  system  is  the  only  digital  tech  control  system 
capability  that  has  been  successfully  tested  and  demonstrated  relative 
to  the  PA/FI/TA  of  12.6MB/S  DEB-I  and  DRAMA-1  ike  line  of  sight 
communications  systems,  this  system  and  its  capabilities  are  central  to 
the  system  control  of  digital  communications  systems. 

The  results  of  this  work,  which  was  done  under  TPn  R3A,  ha/e  been 
submitted  to  the  ESD  ATEC  SPG  office  in  order  to  assist  their  efforts 
relative  to  the  Low  Rate  Initial  Production  (LRIP)  ATEC  acquisition 
program. 


ARNOLD  E.  ARGENZIA 
Project  Engineer 
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Sectioli  1 


INTRODUCTION 


This  report  describes  the  conceptualization,  design,  implemen- 
tation, and  Field  Testing  of  adaptations  of  the  Automated 
Technical  Control  (ATEC)  monitor  equipment  for  application  to 
digital  transmission  communication  systems.  The  report  is 
composed  of  seven  sections  in  addition  to  this  introduction. 
Section  2 describes  the  background  of  the  trend  toward  total 
digitization  of  all  forms  of  communications  networks.  It  also 
describes  the  objectives  desired  by  crtation  of  Digital  ATEC 
(DATEC)  monitors.  Section  3 contains  the  rationale  for 
adaptation  of  the  ATEC  Baseband  Monitor  to  a Baseband  Eye  Moni- 
tor (BEM)  and  a detailed  discussion  of  the  BEM  theory  of 
operation.  Section  4 deals  with  the  event  per  unit  time  (EPUT) 
monitor  in  a similar  manner  as  used  for  the  BEM.  Software  de- 
velopment and  application  is  described  in  Section  5.  Field  test 
results  are  covered  in  Section  6.  Section  7 provides  con- 
clusions and  recommendations. 
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Section  2 

BACKGROUND  OBJECTIVES 


2.1  INTRODUCTION 

The  ATEC  Digital  Adaptation  Study  consisted  of  three  related 
phases;  Analysis  and  Conceptualization  (Phase  I) , Design  and 
Development  (Phase  II) , and  Field  Test  and  Evaluation 
(Phase  III) . 

The  Phase  I analysis  and  conceptualization  objectives  were; 

(1)  analyze  the  FKV  digital  transmission  system  and  identify 
f those  system  and  equipment  monitor  points  which  contribute 

to  Performance  Assessment  (PA),  Fault  Isolation  (FI),  and 
Trend  Analysis  (TA)  of  the  digital  transmission  system,  (2)  de- 
termine the  monitoring  system  requirements  which  permit  monitor 
point  data  collection  and  analysis,  (3)  study  and  analyze  the 
ATEC  system  and  equipment  applicability  in  satisfying  the 
measurement  and  analysis  requirements  for  PA/FI/TA,  and  (4)  recom- 
mend ATEC  hardware  and  software  adaptations,  as  required,  to 
permit  a demonstration  of  ATEC's  digital  transmission  system 
monitoring  capability  in  the  FKV  system.  Phase  I was  completed 
in  March  1976,  and  the  results  published  in  the  three  volume 
Final  Technical  Report  (RADC-TR-76-302,  October  1976)  . 

Phase  II  took  the  Phase  I recommendations  and  implemented  them 
in  the  form  of  adaptation  of  existing  ATEC  hardware,  along  with 
the  creation  of  software  to  enable  nodal  control  monitoring  of 
a six  link  digital  transmission  system  (FKV) . The  nodal  control 
softwcire  package  included  essential  parameter  and  equipment 
status  displays,  plus  parameter  trend  analysis  information  pre- 
sented in  trend  analysis  displays.  Once  designed  and  constructed, 
the  Digitally  Adapted  ATEC  equipment  and  software  was  in-plant 
tested  through  the  use  of  a digital  transmission  system  site 
simulator . 

Phase  III  commenced  in  April  1977,  and  deployed  the  Digital  ATEC 
(DATEC)  equipment  to  the  US  Army  Communications  Command  digital 
transmission  system  test  bed  at  Ft.  Huachuca,  Arizona.  There 
the  DATEC  nodal  control  and  remote  monitoring  equipment  was 
field  evaluated  and  its  capabilities  assessed.  Phase  III  field 
evaluation  was  completed  in  August  1977. 


2.2  DIGITIZATION  TREND  IN  THE  DEFENSE  COMMUNICATIONS  SYSTEM 

The  DCS  has  gone  full  circle  in  the  employment  of  digital  time 
division  multiplex  equipment  (TDM) . TDM  was  initially  employed 
in  the  early  years  of  the  DCS  (1955  through  1960)  in  the  form 
of  Pulse  Amplitude  (PAM)  and  pulse  position  (PPM)  modulation 
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schemes.  The  PAM  and  PPM  of  that  era  had  several  shortcomings, 
primarily  that  of  channel  capability.  Most  systems  were  limited 
to  24  channels. 
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In  early  1960,  the  DCS  began  an  upgrade  to  Frequency  Division 
Multiplex  (FDM)  equipment,  and  by  1965  most  of  the  world  was 
FDM  analog  in  one  form  or  another.  FDM  was  selected  for 
several  reasons,  but  primarily  for  its  channel  capability  and 
acceptance  by  the  commercial  common  carrier  world.  FDM  domi- 
nated most  DCS  system  segment  upgrades  over  the  next  10  year 
period  (1965-1975) , but  not  without  the  identification  of  some 
significant  and  inherent  shortcomings.  First,  FDM  is  sensitive 
to  thermal  and  intermodulation  noise  variations  of  both  the 
radio  path,  link  and  multiplex  equipment.  Second,  the  standard 
FDM  VF  channel  is  information  throughput  limited  by  bandwidth. 
Increased  customer  data  and  data  rate  requirements  necessitated 
the  creation  of  various  digital  to  analog  modem  devices.  Still 
the  most  sophisticated  of  these  VF  channel  devices  can  only 
produce  maximum  throughput  data  rates  on  the  order  of  9.6K  bits. 
This  falls  short  of  some  customers'  requirements,  thus  slowing 
I down  data  transfer  operation.  Finally  and  possibly  most  signi- 

ficant, FDM  multiplex  is  subject  to  covert  interception  sub- 
I jecting  the  VF  traffic  to  analysis,  interpretation,  or  other 

belligerent  power  intelligence  operations.  These  and  other 
considerations  have  prompted  the  DCA  to  look  for  better,  more 
secure  means  of  multiplexing  mission  traffic. 

The  nonsecure/intercept  problem  of  FDM  was  addressed  by  the 
Director,  Defense  Communications  Agency  in  early  1973,  when 
announcing  one  of  his  prime  objectives  was  the  eventual  bulk 
encryption  of  all  DCA  communications  systems.  State  of  the 
art  developments  in  both  cipher  and  TDM  pulse  code  modulation 
multiplex  equipment  allows  not  only  bulk  encryption  of  the 
radio  link  baseband  or  Di-Group,  but  it  is  to  some  degree 
» impervious  to  the  thermal  noise  variations  of  the  radio  link 

equipment.  Further,  it  is  not  sensitive  to  traffic  signal 
loading  and  does  not  suffer  from  intermodulation  distortion 
or  noise  as  does  FDM  equipment. 

Current  PCM/TDM  equipment  allows  the  multiplexing  of  8-24 
channel  Di-Groups,  or  192  channels.  Digital  radio  modulation 
techniques  facilitate  the  stacking  of  two  192  channel  digital 
streams  on  the  same  radio  link,  thus  increasing  the  total  link 
channel  capacity  to  384  channels.  Other  options  of  the  PCM/ 

TDM  multiplex  allows  the  direct  input  of  lower  speed  digital 
data  streams  without  the  need  of  A/D  converters  or  modems, 
and  at  much  higher  Baud  rates  than  currently  used. 


The  trend  now  is  to  move  the  greater  portion  of  the  DCS  from  the 
FDM  environment  into  PCM/TDM.  The  Frankfurt-Koenigstuhl- 
Vaihingen  or  FKV  digital  transmission  system  currently  installed 
in  West  Germany  was  the  pilot  program  involving  the  installation 
at  six  locations  of  state  of  the  art  PCM/TDM  multiplex  and 
adapted  radio  equipment.  This  is  to  be  followed  by  the  Digital 
European  Backbone  upgrade  or  DEB,  during  the  1978-1983  time 
period.  The  phased  DEB  implementation  program  will  see  the 
replacement  of  most  of  the  existing  FDM  multiplex  in  Europe  with 
PCM/TDM.  This  trend  is  expected  to  continue  throughput  the 
world.  Transmission  media  previously  considered  unsuitable  for 
PCM  transmission  such  as  troposcatter  over  the  horizon  radio 
links  will  be  adapted  to  PCM  use,  either  through  redesign  or  use 
of  a digital  applique  unit  (DAU)  or  modem. 

This  is  the  current  trend  in  digitization  of  the  DCS,  and  tech- 
nical control  performance  monitoring  and  assessment,  fault  isola- 
tion and  trend  analysis  must  keep  pace  with  the  upgrade,  and 
adapt  itself  to  requirements  unique  to  digital  transmission 
systems . 


2.3  ANALOG-VERSUS-DIGITAL  COMMUNICATIONS  PERFORMANCE  MONITORING 
2.3.1  Major  Differences  Between  FDM  and  PCM 

As  shown  in  the  Phase  I Technical  Report,  PCM  unlike  FDM  does 
not  produce  corresponding  noise  increases  in  the  VF  channel,  for 
noise  increases  in  radio  equipment  performance.  This  on  one 
hand  makes  PCM  far  superior  operationally  to  FDM,  while  on  the 
other  hand  it  complicates  the  monitoring  and  assessment  of  the 
link  using  the  old  method.  Varying  RSLs  or  path  fades  manifest 
themselves  as  bit  error  or  framing  error  occurrences  in  the 
PCM  link.  These  may  or  may  not  have  been  seen  in  the  throughput 
VF  channel. 

Loading  of  the  baseband  or  intermodulation  noise  contribution 
related  to  traffic  loading  is  also  not  a significant  factor 
in  the  PCM  system.  Increases  in  FDM  VF  channel  noise  perform- 
ance as  a function  of  Intermodulation  noise-loading  is  not 
present  in  the  PCM  system. 

It  remains  that  little  system  performance  information  can  be 
gleaned  by  monitoring  the  VF  side  of  the  PCM  link.  Thus, 
idle  channel  noise  and  baseband  loading  find  little  applica- 
tion in  the  PCM  world. 
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2.3.2  Parallels  Between  FDM  and  PCM 


I 


The  greatest  commonality  between  FDM  and  current  PCM  systems  is  J 

that  they  use  the  same  radio  modulation  process  (FM  or  PM) . ] 

Certain  FM  RF  link  performance  parameters  such  as  RSL  and  noise 

retain  their  importance  regardless  of  whether  PCM  or  FDM  multiplex 

is  employed.  RSL  is  critically  important  to  determine  what 

receiver  noise  performance  and  the  various  "eye"  margins  should 

be.  Noise  enables  one  to  confirm  that  the  receiver  noise  is 

performing  at  the  level  predicted  by  the  RSL.  ' 

2.3.3  Summary  ! 

I 

In  summary,  it  should  be  noted  that  the  ability  to  assess  the  ] 

system  from  the  VF  channel  level  is  not  present  in  the  PCM  ] 

world.  Lastly,  the  practice  of  assessing  multilink  (hop)  systems  ] 

or  routes  through  the  VF  channel  is  also  not  available  in  the  j 

PCM  system.  Performance  assessment  must  be  on  a link  by  link  j 

basis  and  instrumented  accordingly.  j 

I 

A discussion  of  PCM  performance  monitor  points  and  parameter  > 

follows  below. 


2.4  MONITOR  POINTS 

Based  on  the  Phase  I analysis  of  the  FKV  type  digital  transmission 
system,  key  performance  and  alarm  parameters  were  identified  for 
all  major  system  components  or  functional  areas.  These  monitor 
points  are  presented  in  Table  2-1.  They  are  grouped  by  the 
following  equipment  levels  or  functions; 

Radio 

Baseband 

Tl-4000  Multiplexer 
TlWBl  Multiplexer 
CY-104  Multiplexer 
Voice  Frequency 

For  each  alarm/parameter  listed,  a definition,  alarm  condition 
(when  applicable) , and  use  is  listed.  These  monitor  points  pro- 
vide the  data  which  is  processed  and  used  by  DATEC  to  perform 
PA/FI/TA  on  an  FKV  type  digital  transmission  system. 


TABLE  2-1.  COMMUNICATION  SYSTEM  MONITOR  POINTS 


AN/FRC-162  Radio  Monitor  Points 


Tx  Problem 

Tx  A 
Tx  B 


Rx  Problem 

Rx  A 
Rx  B 


Rx  Squelch 


Rx  A 
Rx  B 


Definition;  Tx  Problem  is  the  OR  func- 
tion of  Power,  AFC,  and  Pilot  alarms. 

Alarm  Condition;  Occurs  if  transmitter 
RF  power  is  below  a specified  threshold, 
if  AFC  voltage  is  beyond  normal  control 
range  or  phaselock  reference  is  lost, 
or  if  pilot  level  is  below  a specified 
threshold. 

Use;  To  determine  whether  or  not  A or 
B transmitter  is  operative  or  in  a de- 
graded or  inoperative  state. 

Definition;  Rx  Problem  is  the  OR  func- 
tion of  Rx  Phase  lock  and  Rx  Squelch 
alarms . 

Alarm  Condition;  Occurs  if  receiver 
local  oscillator  has  lost  phaselock 
with  receiver  crystal  controlled  refer- 
ence or  if  received  signal  level  is 
below  a preset  threshold. 

Use;  Employed  to  indicate  if  received 
signal  is  in  a usable  or  degraded  state. 
It  also  can  be  used  for  fault  isolation 
since  joint  occurrence  of  a Tx  Problem 
and  Rx  Problem  indicates  a Tx  failure 
while  no  Tx  Problem  and  an  Rx  Problem 
indicates  an  RF  path  or  Rx  failure. 

Definition;  Rx  Squelch  is  the  radio 
receiver  squelch  alarm  output. 

Alarm  Condition;  Indicates  that  received 
signal  level  is  below  a preset  threshold. 

Use ; Employed  to  indicate  severe  path 
loss  or  a degraded  signal  level  caused 
by  Tx  or  Rx  degradation. 


TABLE  2-1.  COMMUNICATION  SYSTEM  MONITOR  POINTS  (Continued) 

NOTE 

Both  Rx  Squelch  and  Rx  Problem  (which  includes  Rx 
Squelch)  are  useful  alarms.  Rx  Squelch  is  monitored 
and  correlated  with  the  Tl-4000  BER  measurement  to 
indicate  a high  error  rate  due  to  RF  fade.  Occurrence 
of  Rx  Problem  indicates  that  no  signal  is  present 
in  the  radio  receiver  or  that  the  signal  is  below 
a usable  level.  Joint  occurrence  of  both  Rx  Problem 
alarms  indicates  a failure  of  both  radio  channels 
and,  hence,  loss  of  RF  communications. 


Maintenance 


Maintenance  A 
Maintenance  B 


RSL 

Rx  A 
Rx  B 


Rx  Pilot 

Rx  A 
Rx  B 


Definition;  This  alarm  or  status  indi- 
cator indicates  that  maintenance  is  in 
progress  on  a particular  radio  equipment. 

Alarm  Condition:  Controlled  by  position 
of  toggle  switches  located  near 
equipment. 

Use:  If  maintenance  is  )tnown  to  be  in 

progress  on  equipment,  this  Jcnowledge 
is  used  to  suppress  monitoring  system 
response  to  maintenance-related  alarms. 

Definition;  RSL  A and  B are  receiver 
analog  output  voltages  which  are  mono- 
tonic functions  of  respective  receiver 
received  signal  levels. 

Alarm  Condition:  Does  not  apply  to 
these  analog  output  voltages. 

Use:  RSL  is  processed  by  monitoring 

system  to  yield  value  of  received 
signal  level.  RSL  provides  path  loss 
information  as  well  as  information 
related  to  Tx  and  Rx  performance. 

Definition:  Rx  Pilot  is  the  radio 

receiver  pilot  alarm  output. 

Alarm  Condition:  Indicates  loss  of 
radio  pilot  carrier  in  radio  receiver. 

Use:  Loss  of  pilot  monitor  means  loss 

of  a usable  radio  signal.  Both  A and  B 
Pilot  alarms  are  ANDed  to  yield  SSFSS 
Radio  Rx  alarm.  Occurrence  of  Radio  Rx 
alarm  indicates  loss  of  both  radio 
channels . 


TABLE  2-1.  COMMUNICATION  SYSTEM  MONITOR  POINTS  (Continued) 


Tx  In-Service 


(Unit  A or  B) 


Rx  In-Service 


(Unit  A or  B) 


Power  Supply  Voltages 
1-8 


Definition;  Tx  In-Service  is  a two- 
valued status  indicator  which  indicates 
which  of  two  radio  transmitters  on  a 
particular  link  is  in-service. 

Alarm  Condition;  Monitor  point  employed 
to  indicate  status  rather  than  alarm 
condition. 

Use;  To  determine  which  transmitter 
is  in  operation,  mainly  for  use  in 
fault  isolation. 

Definition;  Rx  In-Service  is  a two- 
valued status  indicator  which  indicates 
which  of  two  radio  receivers  on  a 
particular  link  is  in-service. 

Alarm  Condition;  Monitor  point  employed 
to  indicate  status  rather  than  alarm 
condition. 

Use;  To  determine  which  receiver  is  in 
operation.  Long  term  use  of  one  receiver 
under  conditions  of  automatic  switching 
may  indicate  that  the  receiver  that  is 
rarely  used  is  degraded  when  compared 
to  the  high  use  receiver. 

Definitions;  These  are  actual  values 
of  radio  internal  voltages. 

Alarm  Condition;  This  does  not  apply 
to  analog  parameters. 

Use:  For  determining  power  supply 

degradation  before  power  supply  and 
consequential  equipment  failure. 
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TABLE  2-1.  COMMUNICATION  SYSTEM  MONITOR  POINTS  (Continued) 

Baseband  Monitor  Points 

Radio  Baseband  Eye 

Rx  A 
Rx  B 

(Noise,  Amplitude,  and 
Hits) 


Alarm  Condition:  This  does  not  apply 
to  these  analog  parameters. 

Use ; Parameters  measured  here  are 
derived  from  the  baseband  signal  at 
the  radio  receiver  outputs.  These 
are  analog  signals  from  radio  receiver 
outputs  to  the  diversity  switch  to  the 
Tl-4000  receiver  input. 

Briefly,  the  baseband  waveform  is  AGCed 
and  filtered  to  produce  a 3 level  par- 
tial response  signal.  Measures  of  the 
nonAGCed  level,  composite  signal  eye 
scatter  or  noise  and  the  burst  char- 
acter of  the  noise  are  converted  to 
analog  voltages  which  are  measured  by 
a MAC. 

Eye  scatter  noise  is  related  to  multi- 
plexer performance  over  a BER  range  of 
10“3  to  10~15  and  is  used  to  derive 
a measure  of  radio  linlc  performance 
margin. 

Amplitude  of  the  signal  from  the  radio 
output  is  valuable  for  assessing  oper- 
ation of  the  multiplexer  transmitter 
and  radio  link  and  also  is  useful  for 
fault  isolating  to  the  level  of  the 
Tl-4000  receiver.  Monitoring  of  base- 
band eye  pattern  at  Tl-4000  radio  inter- 
face allows  a comparison  of  derived 
BER  performance,  at  the  radio  baseband, 
with  the  calculated  BER  from  Tl-4000 
frame  error  rate.  This  permits  degra- 
dation or  fault  isolation  to  the  analog 
signal  processing  portion  of  the  Tl-4000. 
(This  includes  3LPR  filter  and  AGC  cir- 
cuits prior  to  the  redigitizing  process 
in  the  Tl-4000  receiver.) 


Definition:  Noise  is  the  eye  pattern 

scatter  measured  on  the  3 -level  partial 
response  signal  as  measured  at  baseband 
radio  output  between  radio  receiver  and 
Tl-4000  receiver  input.  Amplitude  is 
the  signal  level  of  the  partial  response 
before  AGC  circuit.  Hits  are  a measure 
of  the  burst-like  nature  of  noise  in  the 
3 level  eye. 
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TABLE  2-1.  COMMUNICATION  SYSTEM  MONITOR  POINTS  (Continued) 


Radio  Baseband 
(Cont) 


Tl-4000  Monitor 


Switch  Major 


Switch  Minor 


Major  Alarm 

Unit  A 
Unit  B 


A measure  of  the  burstlike  or  hit  nature 
of  the  noise  is  also  made  for  the  pur- 
pose of  detecting  radio  frequency  inter- 
ference of  an  impulse  or  burst  nature. 
Inclusion  of  the  hit  measurement  in  the 
baseband  monitor  effectively  removes  the 
requirement  for  a radio  noise  burst 
measurement. 


Points 


Definition;  Major  alarm  output  of  the 
switch  which  controls  two  Tl-4000s. 

Alarm  Condition:  Occurs  if  a transfer 
from  use  of  one  Tl-4000  to  other  Tl-4000 
fails,  if  standby  multiplexer  loses 
synchronization  while  transferred,  if  a 
remote  alarm  is  received,  or  in  case  of 
a switch  or  multiplexer  power  failure. 

Use:  Primarily  to  indicate  a switch 

failure  or  failure  of  a transfer  of 
operation  from  one  Tl-4000  to  other 
Tl-4000. 

Definition:  This  is  the  minor  alarm 
output  of  the  switch  which  controls 
two  Tl-4000s. 

Alarm  Condition;  Occurs  if  operation 
of  receiver  or  transmitter  is  trans- 
ferred, if  a receiver  or  transmitter 
automatic  transfer  is  disabled,  if  a 
unit  loses  power,  or  if  the  standby 
multiplexer  loses  synchronization. 

Use;  Primarily  to  indicate  transfer 
of  operation  of  a multiplexer  receiver 
or  transmitter. 

Definition;  This  is  the  major  alarm 
output  of  each  of  two  Tl-4000s  which 
are  served  by  a switch. 

Alarm  Condition;  Occurs  if  the  3 -level 
error  density  exceeds  a 10“^  threshold, 
if  20  vdc  power  is  lost,  if  a remote 
alarm  is  received,  of  if  main  frame  or 
control  reframe  synchronization  is  lost 
in  receiver. 
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TABLE  2-1.  COMMUNICATION  SYSTEM  MONITOR  POINTS  (Continued) 

Major  Alarm  (Cont)  Use;  To  indicate  failure  of  a receiver 

or  loss  of  control  or  main  frame  syn- 
chronization in  a receiver. 


Maintenance 


Unit  A 
Unit  B 


Definition;  This  alarm  or  status  indi- 
cator indicates  that  maintenance  is  in 
progress  on  a particular  Tl-4000 
multiplexer. 


Alarm  Condition;  Controlled  by  position 
of  a toggle  switch  located  near  re- 
spective equipment. 

Use;  If  maintenance  is  known  to  be  in 
progress  on  an  equipment,  this  knowl- 
edge is  used  to  suppress  monitoring 
system  response  to  maintenance-related 
alarms. 


Main  Frame  Bit  Error 


Unit  A 
Unit  B 


Control  Reframe 


Unit  A 
Unit  B 


Tx  In-Service  and 
Rx  In-Service 


(Unit  A or  B) 


Definition;  A pulse  is  generated  when 
the  receiver  detects  an  incorrect  fram- 
ing bit. 

Alarm  Condition;  This  is  a monitored 
system  parameter  rather  than  an  alarm. 

Use;  Main  frame  bit  error  pulses  are 
counted  to  yield  a bit  error  rate 
value  for  Tl-4000  Radio  path. 

Definition;  This  is  an  indication 
given  when  the  receiver  undergoes  the 
process  of  control  reframe. 

Alarm  Condition;  This  is  a monitored 
system  parameter  rather  than  an  alarm. 

Use;  Latched  to  provide  a measure  of 
multiplexer  performance  by  detecting 
the  occurrence  of  a control  reframe. 

Definition;  These  are  two-valued  status 
indicators  which  indicate  which  of  two 
multiplexer  transmitters  and  which  of 
two  multiplexer  receivers  is  in  oper- 
ation at  a given  time. 

Alarm  Condition;  An  alarm  condition 
does  not  apply  to  this  status  indicator. 


12 


TABLE  2-1.  COMMUNICATION  SYSTEM  MONITOR  POINTS  (Continued) 


Tx  In-Service  etnd  Use:  Knowledge  of  which  unit  is  typ- 

Rx  In-Service  (Cont)  ically  in-service  is  used  to  locate  de- 

graded in-service  or  standby  units  and  to 
fault  isolate. 

Definition:  These  are  the  actual  values 
of  the  multiplexer  internal  power  supply 
voltages . 

Alarm  Condition:  This  does  not  apply 
to  these  analog  parameters. 

Use;  Useful  for  determining  power 
supply  degradation  before  power  supply 
and  consequential  equipment  failure. 


TlWBl  Monitor  Points 

Office  Definition:  This  is  ein  alarm  provided 

by  TlWBl. 

Alarm  Condition;  An  office  alarm  is 
given  due  to  remote  alarm,  local  alarm, 
bi-polar  errors  in  the  receiver,  fuse 
alarm,  loop  alarm,  outgoing  alarm  cut- 
off switch  or  loss  of  power.  A uniform 
error  rate  of  2.6  x 10"^  will  trigger 
alarm  within  100  msec. 

Use:  Primarily  to  indicate  a loss  of 

power  or  an  abnormally  high  bi-polar 
error  violation. 

Re frame  Definition:  This  signal  indicates  that 

the  multiplexer  is  attempting  to  acquire 
frame  synchronization. 

Alarm  Condition  and  Use;  Indicates  that 
multiplexer  does  not  have  frame 
synchronization. 

Use:  Latched  to  provide  a measure  of 

multiplexer  performance  by  detecting 
the  occurrence  of  a reframe. 


Power  Sut 


Voltage 


TABLE  2-1.  COMMUNICATION  SYSTEM  MONITOR  POINTS  (Continued) 


Maintenance 


Frame  Bit  Error 


Power  Supply  Voltages 


CY-104  Monitor  Points 
Service 


Definition;  This  maintenance  signal  in- 
dicates that  a maintenance  function  is 
in  progress  on  the  TlWBl. 

Alarm  Condition;  Controlled  by  position 
of  a toggle  switch  near  the  multiplexer 
location. 

Use;  If  maintenance  is  known  to  be  in 
progress  on  the  equipment,  this  knowl- 
edge is  used  to  suppress  monitoring 
system  response  to  maintenance-related 
alarms . 

Definition;  This  is  a pulse  which  in- 
dicates the  presence  of  a frame  bit 
error  in  the  receiver. 

Alarm  Condition;  This  is  a monitored 
system  parameter  rather  than  an  alarm. 

Use : Frame  bit  errors  are  counted  to 

yield  a bit  error  rate  value  for  the 
respective  TlWBl/Tl-4000/Radio  paths 
in  the  FKV. 

Definition;  These  are  the  actual  values 
of  the  TlWBl  multiplexer  internal  power 
supply  voltages. 

Alarm  Condition;  This  does  not  apply 
to  the  analog  power  supply  voltages. 

Use;  To  determine  power  supply  degra- 
dation before  power  supply  and  conse- 
quential equipment  failure. 


Definition;  A composite  alarm  that 
indicates  when  any  of  the  following  con- 
ditions exist;  local  alarm,  loop  alarm, 
or  remote  alarm. 

Alarm  Condition;  Alarm  is  activated  if 
any  of  the  above  occur. 
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TABLE  2-1.  COMMUNICATION  SYSTEM  MONITOR  POINTS  (Continued) 

Service  (Cont)  Use;  For  CY-104  fault  isolation.  If  no 

alarms  at  the  Tl-4000  and  radio  level  in 
the  system  cind  a service  alarm  is  acti- 
vated, failure  of  a CY-104  is  indicated. 

Remote  Definition  and  Alarm  Condition:  This 

alarm  is  activated  if  the  far  end  CY-104 
is  not  passing  valid  data. 

Use : This  alarm  serves  the  same  use 
as  the  Service  Alarm.  It  also  serves 
as  a redundant  backup  alarm  since  it  is 
available  at  a different  physical  loca- 
tion than  the  corresponding  CY-104  Ser- 
vice Alarm. 


VF  Monitor  Points  (IQCS  Measurements) 


Average  Power  (dBm)  Definition;  This  is  the  average  power 

level  observed  over  a 3 second  interval 
on  the  VF  channel  undergoing  analysis. 

Alarm  Condition:  Alarm  condition  does 
not  apply  to  this  analog  measurement. 

Use:  If  no  data  or  voice  signal  is 

present,  this  measurement  yields  a 
value  for  residual  system  or  back- 
ground noise.  If  data  or  voice  is 
present,  the  measurement  yields  a value 
of  the  average  signal  level. 

Signal  to  Noise  Definition;  This  is  the  noise  observed 

(2b00  Hz)  on  the  VF  channel  after  notching  out 

the  2600  Hz  tone. 

Alarm  Condition;  Alarm  condition  does 
not  apply  to  this  analog  measurement. 

Use;  Yields  a SNR  for  the  channel  by 
dividing  the  total  power  observed  by 
the  notched  noise  power. 
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FUNCTIONAL  DESCRIPTION  OF  BASEBAND  EYE  PATTERN  MONITOR 


3.1  INTRODUCTION 

The  Phase  I ATEC  Digital  Adaptation  Study  recommended  that  a 
device  be  developed  for  monitoring  those  properties  of  a digital 
baseband  which  directly  relate  to  signal  quality.  It  was  further 
indicated  that  the  existing  ATEC  Baseband  Monitor  was  a viable 

candidate  for  the  adaptation  for  several  reasons.  First,  it  i 

provides  selectable  inputs  as  would  be  required  in  a digital 

system.  Second,  the  frequency  range  is  correct,  except  for  a 

possible  downward  extension  of  the  low  frequency  range.  Lastly, 

the  output  circuitry  is  suitable  for  providing  a performance  ' 

related  voltage  for  measurement  by  the  existing  Measurement  j 

Acquisition  Controller,  of  such  parameters  as  eye  pattern  disper-  i 

sion,  eye  hits,  and  eye  amplitude.  | 

i 

Typically,  the  output  from  the  degradation  monitor  is  either  an  I 

analog  voltage  proportional  to  the  degree  of  eye  pattern  closure,  i 

or  a derived  bit  error  rate  which  is  a gross  extension  of  the  j 

basic  error  rate.  In  either  case,  the  applique  unit,  of  which 

the  degradation  monitor  is  a part,  will  perform  the  necessary  j 

signal  measurement  to  achieve  compatibility  with  the  MTS  option  I 

interface.  The  analog  voltage  output  from  the  first  mentioned 
type  should  be  measured  with  a resolution  on  the  order  of  1 per- 
cent, which  is  possible  even  with  very  simple  A/D  conversion 
techniques.  The  pseudo  error  output  from  the  second  type  must 

be  counted  to  give  events  per  unit  time,  and  buffered.  | 

The  eye  pattern  monitors,  in  general,  reflect  a "smoothed"  measure 
of  system  performance.  The  output  of  the  device  itself  contains  a 
significant  amount  of  information.  It  can  be  easily  trended  to 
identify  deteriorating  system  operation.  In  order  to  maximize  the 
value  of  its  use,  however,  the  eye  pattern  data  must  be  correlated 
with  other  monitored  parameters  such  as  other  estimates  of  bit 
error  rate  and  radio  alarms. 

In  an  all  digital  network,  such  as  the  FKV  system,  the  Bit  Error  j 

Rate  (BER)  is  to  the  end  user  the  ultimate  measure  of  communica- 
tion quality.  j 

The  most  powerful  indirect  technique  for  BER  estimation  is  the  j 

use  of  the  eye  pattern  monitor.  The  output  of  the  baseband  j 

monitor  is  designed  to  be  compatible  with  the  ATEC  I'TTS  option  i 

interface.  An  important  feature  of  this  form  of  BER  measurement 
is  that  it  provides  a good  estimate  even  in  extremely  low  (<10"^) 

BER  environments. 


I 
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This  section  provides  the  study  and  design  rationale  and  mathe- 
matical proofs  involved  in  the  conception,  design,  construction 
and  testing  of  the  Baseband  Eye  Monitor  (BEM) , 


3.2  PRELIMINARY  CONSIDERATIONS 

3.2.1  Inadequacy  of  Output  Error  Counting  for  Degradation 
Measuring 

Digital  communication  links  are  intentionally  designed  to  have  as 
large  a tolerance  to  noise  and  other  signal  degradations  as 
practicable.  A system  can  have  such  a large  built-in  tolerance 
that  it  will  still  run  error  free  even  with  one  or  more  elements 
severely  degraded.  A primary  objective  of  performance  monitoring 
is  to  detect  such  degradations  so  that  they  may  be  corrected 
before  the  digital  link  begins  to  make  errors.  It  is  obvious 
that  the  desired  information  for  meeting  this  objective  cannot  be 
obtained  by  examining  the  digital  output  because  the  objective 
is  to  detect  degradations  while  this  output  is  still  error  free. 
Presumptive  tests  which  remove  digital  links  from  service  long 
enough  to  run  test  sequences  through  them  for  measuring  error  rate, 
as  well  as  error  detecting  and  correcting  codes,  have  valid  appli- 
cations in  performance  monitoring;  however,  they  are  not  adequate 
for  measuring  performance  margin  under  error  free  conditions 
because  they  give  no  indication  of  degradations  until  they  have 
become  bad  enough  to  cause  errors  in  the  received  data.  An  ideal 
degradation  monitoring  technique  should  be  capable  of  detecting 
degradations  before  they  become  large  enough  to  cause  errors  in 
the  received  data. 

The  ability  to  detect  signal  degradations  before  they  become 
large  enough  to  cause  errors  in  the  received  messages  is  vitally 
important  for  both  analog  and  digital  channels;  however,  the 
channel  user's  ability  to  detect  gradually  increasing  degrada- 
tions and  anticipate  loss  of  the  channel  is  far  better  for  analog 
voice  channels  than  digital  communication  links.  In  analog  com- 
munication links,  such  as  voice  channels,  the  channel  induced 
noise  and  distortion  are  delivered  to  the  user  along  with  the 
desired  signal;  hence,  these  degradations  can  be  detected  by  the 
user.  These  degradations  are  detectable  by  the  user  at  power 
levels  several  decades  lower  than  the  level  at  which  they  make 
the  channel  unusable  by  lowering  the  intelligibility  index  of  the 
voice  signal  below  an  acceptable  level.  Thus,  in  analog  communi- 
cation channels  there  is  typically  a large  margin  between  the 
level  at  which  noise  and  distortion  is  detectable  and  that  at 
which  it  becomes  intolerable.  Furthermore,  the  user  of  a voice 
channel  can  readily  estimate  the  degree  of  channel  degradation 
by  a qualitative  estimate  of  signal  intelligibility.  The  user 
of  a digital  channel  is  presented  with  a very  different  situation 
because  each  digital  receiver  in  the  communication  chain  reshapes 
the  digital  pulses  so  that  the  symptoms  of  channel  noise  and 
distortion  are  removed  before  the  signal  is  forwarded. 
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The  primary  effect  of  pulse  reshaping  between  the  links  of  the 
digital  communication  chain  is  to  reduce  the  message  error  rate 
by  stripping  off  noise  and  distortion  at  each  link  interface  so 
that  these  individual  link  induced  distortions  are  not  allowed  to 
accumulate  as  they  would  in  an  analog  system.  Thus,  even  if  the 
sum  of  the  noises  and  distortions  for  the  total  number  of  links 
is  so  large  as  to  produce  an  intolerable  error  rate  for  an  end-to- 
end  digital  system  using  no  intermediate  pulse  reshaping,  it  is 
often  possible  to  reduce  the  end-to-end  error  rate  to  approxi- 
mately zero  by  stripping  off  the  noise  and  distortion  and  regen- 
erating the  digital  signal  at  selected  locations  in  the  chain. 

As  long  as  the  cumulative  degradation  in  each  individual  link  is 
kept  below  the  critical  level  for  that  link,  each  link  will  run 
error  free,  and  hence,  the  end-to-end  channel  will  run  error  free. 
On  the  other  hand,  if  the  degradation  in  one,  several,  or  all  of 
these  links  is  just  slightly  below  the  critical  level  at  which  it 
begins  to  produce  errors,  there  will  be  no  indication  of  this 
impending  problem  in  the  error-free  data  stream  delivered  to  the 
user.  Thus,  the  pulse  reshaping  in  digital  systems  is  advantage- 
ous in  that  it  can  help  reduce  the  error  rate  of  the  system;  how- 
ever, it  removes  symptoms  of  channel  degradation  from  the  output 
data  signal.  Since  the  digital  output  signal  gives  no  indication 
of  degradation  until  errors  actually  occur  in  the  output,  the 
user  who  has  nothing  but  the  receiver  digital  signal  to  work  with 
has  no  means  of  estimating  how  close  the  channel  degradations  are 
to  the  critical  levels  until  after  one  or  more  of  those  levels 
has  been  exceeded. 

The  inability  of  the  user  to  detect  gradual  channel  degradations 
until  they  are  large  enough  to  produce  errors  in  the  received 
digital  data  stream  would  be  less  objectionable  if  there  were  a 
greater  separation  between  the  degradation  level  at  which  the 
error  rate  becomes  just  barely  measurable  and  that  at  which  it 
becomes  intolerable.  Assuming  that  the  degrading  factor  is  addi- 
tive uncorrelated  Gaussian  noise,  then  the  amplitude  of  the  noise 
will  be  distributed  in  accordance  with  the  cumulative  Normal  prob- 
ability function  plotted  in  Figure  3-1.  Observe  that  the  proba- 
bility, P(z<t) , of  the  normally  distributed  noise  amplitude,  z, 
exceeding  an  arbitrary  threshold,  t,  decreases  so  rapidly  with 
increasing  t that  even  when  using  a seven  decade  semilog  scale, 
the  probability  function  crosses  the  plot  vertically  more  than 
seven  times  (indicating  more  than  49  decades)  as  the  amplitude  of 
t is  changed  less  than  24  db  (1.2  decades).  As  a consequence  of 
this  extremely  rapid  change  of  P(z>t)  with  respect  to  t,  the  bit 
error  rate  of  a digital  receiver  can  change  very  rapidly  with 
respect  to  small  changes  in  the  amplitude  of  the  additive  Gaussian 
noise.  For  an  ordinary  PAM  (pulse  amplitude  modulated)  signaling, 
it  can  be  shown  that  the  BER  (Baud  error  rate;  that  is,  probability 
of  receiving  one  or  more  bits  incorrectly  in  one  Baud)  for  addi- 
tive uncorrelated  Gaussian  noise  can  be  computed  from  the  following 
relations . 
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FIGURE  3-1.  PROBABILITY  THAT  z > t GIVEN  THAT  z IS  NORMALLY 
DISTRIBUTED  WITH  MEAN  = 0 AND  VARIANCE  = 1 


BER 


(1) 


where 

L H number  of  levels  per  Baud 

z = normally  distributed  random  variable  with  mean  = 0 and 
variance  = 1. 

2 

S = signal  power  at  decision  circuit. 

2 

N = noise  power  at  decision  circuit. 

P(z>***)  = the  probability  plotted  in  Figure  3-1. 


For  the  most  common  types  of  partial  response  signaling  (Class  I 
with  n=2  and  Class  IV  with  n=3  per  Reference  9) , the  BER  can  be 
computed  using  the  similar  relationship  shown  below: 


where 


*The  reason  that  the  above  equation  for  BER  requires  a 0.91210 
db  higher  signal  to  noise  ratio  than  that  given  on  page  89  of 
Reference  10  is  that  Lucky,  Salz  & Weldon's  equation  was 
derived  for  measuring  SNR  at  the  receiver  input  with  half  of 
the  partial  response  shaping  in  the  transmitter  and  half  in 
the  receiver,  whereas  the  above  equation  is  for  SNR  measured 
at  the  decision  circuit  regardless  of  hov;  the  partial  response 
filtering  is  partitioned. 


To  clearly  illustrate  how  the  BER  can  change  from  a value  essen- 
tially equal  to  zero  to  a value  so  large  as  to  be  intolerable  for 
a relatively  small  change  in  signal  to  noise  ratio,  the  BER  for  a 
three-level  12.5  meg  bit/sec  partial  response  signal  has  been  com- 
puted and  the  results  are  presented  in  Table  3-1. 


TABLE  3-1.  BER  COMPUTATION 


Errors/Time 

BER 

Signal/Noise)  db 

10,000  errors/second 

8 X 10" 

■4 

13.31 

100  errors/second 

8 X 10' 

■6 

15.89 

1 error/second 

8 X 10' 

■8 

17.52 

1 error /minute 

1.33  X 

10"^ 

18.60 

1 error/hour 

2.22  X 

10“^^ 

19.46 

1 error/day 

9.26  X 

10"^^ 

20.04 

1 error/year 

2.54  X 

10"^^ 

20.94 

1 error/century 

2.54  X 

10-^7 

21.53 

Table  3-1  shows  that  the  difference  in  signal  to  noise  ratio  (SNR) 
for  100  errors  per  second  and  for  one  error  per  century  is  only 
5.64  db.  For  a reasonably  accurate  performance  measurement  it  is 
necessary  to  observe  a significant  number  of  errors  because  the 
standard  deviation  of  the  number  of  errors  measured  per  sample  is 
essentially  equal  to  the  square  root  of  the  average  number  of 
errors  measured  per  sample.  For  example,  if  the  average  number  of 

errors  per  sample  is  100,  then  the  standard  deviation  is  computed 
as  /loo  = 10,  which  means  that  the  BER  is  being  measured  with 
error  of  about  10  percent,  one  sigma.  For  measurement  periods  of 
one  hour,  the  computed  error  rate  will  be  based  on  error  observa- 
tions which  on  the  average  are  half  an  hour  old  at  the  time  the 
computation  is  made.  Also,  for  one  hour  long  measurements,  the 
percentage  error  in  the  measurement  will  increase  rapidly  as  the 
error  rate  drops  below  1 error  per  minute.  The  signal  to  noise 
ratio  producing  one  error  per  minute  is  only  2.71  db  lower  than 
that  producing  100  errors  per  second  which  is  not  considered  to 
be  a very  good  margin  for  a performance  degradation  detector  that 
is  intended  to  predict  rather  than  confirm  system  failure.  If  a 
larger  error  sample  is  taken  to  increase  the  margin  (measured  in 
db)  of  the  monitor,  the  measurement  will  take  longer  causing  an 
even  longer  delay  in  the  monitoring  process.  The  conclusion  is 
that  counting  errors  in  the  output  data  stream  as  a means  of 
predicting  the  failure  of  a digital  system  suffering  gradual 
degradation  leaves  a lot  to  be  desired.  Fortunately,  more  power- 
ful degradation  detection  techniques  are  available  as  will  be 
described  in  the  next  section. 

3.2.2  Eye  Pattern  Measurements  for  Degradation  Monitoring 

The  eye  pattern  shown  in  Figure  3-2  was  obtained  by  taking  a tine 
exposure  of  an  oscilloscope  presentation  of  the  voltage  at  the 
input  to  the  decision  circuit  of  a VICOM  Tl-4000  multiplexer.  At 
the  sampling  timers  the  voltage  ideally  would  be  exactly  at  one  of 
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three  distinct  levels;  hence,  this  is  called  a three-level  eye. 
Ideally,  the  decision  circuit  will  sample  the  eye  pattern  voltage 
at  each  of  the  sampling  times  and  decide  whether  an  upper,  center, 
or  lower  level  signal  was  intended  to  be  received  at  that  sampling 
time.  Additive  noise  will  cause  the  voltages  to  deviate  from 
their  ideal  values,  thus  widening  the  lines  on  the  oscilloscope 
picture  in  the  vertical  direction.  As  the  noise  increases,  the 
images  corresponding  to  the  upper,  middle,  and  lower  levels  widen. 
When  the  images  of  the  levels  become  so  wide  that  there  is  no 
longer  a clear  separation  between  levels,  the  decision  circuit 
will  begin  to  misinterpret  the  intended  message  which  causes 
errors.  The  spaces  separating  the  images  of  the  various  levels 
at  the  sampling  points  are  called  the  "eyes".  When  signal  degra- 
dations become  so  bad  that  these  spaces  shrink  to  zero,  the  "eyes" 
are  said  to  "close".  When  the  eyes  are  closed,  the  receiver  will 
be  making  errors. 

The  size  of  the  eye  openings  relative  to  the  distances  between  the 
centers  of  adjacent  levels  expressed  as  a "percentage  of  eye 
opening"  has  long  been  used  as  a figure  of  merit  for  performance 
measurement  and  it  is  a good  one  if  its  limitations  are  understood. 
First,  if  the  decision  voltage  levels  of  the  decision  circuit  are 
not  located  in  the  center  of  the  eye  vertically  and,  second,  if 
the  sampling  times  are  not  centered  in  the  eyes  horizontally,  then 
the  receiver  will  begin  to  make  errors  before  the  eye  is  totally 
closed.  Third,  since  the  noise  typically  has  a Gaussian  amplitude 
distribution,  the  width  of  the  levels  (and  hence  the  percentage  of 
eye  opening)  is  not  sharply  defined  because  the  level  width  image 
on  the  oscilloscope  can  be  varied  from  about  ±1  sigma  depending 
upon  the  intensity  setting  of  the  oscilloscope  and  the  length  of 
the  time  exposure  for  averaging  time) . 

These  three  limitations  may  be  overcome  by  proper  system  design  as 
will  be  discussed  in  the  following  paragraphs.  The  techniques  to 
be  discussed  apply  to  eye  patterns  with  any  nxamber  of  levels; 
however,  the  discussions  will  be  concentrated  primarily  on  the 
three-level  case  because  the  two-level  case  is  too  simple  to 
display  generality  while  examples  involving  more  than  three  levels 
would  make  the  explanation  more  cumbersome  without  adding  any 
significant  degree  of  insight. 

Conceptually,  what  the  eye  pattern  monitor  should  do  is  to 
measure  the  probability  density  function  of  the  signal  pertur- 
bations from  the  ideal  levels  so  that  the  desired  error  rates  and 
performance  margins  can  be  computed.  In  actual  practice,  point 
by  point  determination  of  the  probability  density  function  is  too 
expensive.  A practical  alternative  is  to  assume  that  the  distri- 
bution of  the  perturbation  amplitudes  is  Gaussian  and  make  some 
measurement  from  which  the  rms  ampJitude  of  the  distribution  may 
be  inferred.  Since  there  are  several  common  conditions  such  as 
additive  tones,  highly  correlated  intersymbol  interference,  and 
impulse  noise  for  which  the  distribution  of  the  perturbations 
deviates  significantly  from  Gaussian,  it  is  desirable  to  augment 
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the  first  amplitude  measurement  with  a second  measurement  which 
can  either  indicate  that  the  distribution  is  Gaussian  or  indicate 
the  nature  of  its  deviation  from  Gaussian. 

To  measure  the  signal  perturbations  from  the  nominal  levels,  it 
is  first  necessary  to  determine  the  exact  amplitude  of  the  nominal 
levels  so  that  when  we  measure  the  distances  from  the  nominal 
reference  levels  to  the  observed" signals  we  will  be  measuring 
signal  perturbations  only — not  perturbations  plus  or  minus  the 
error  in  measuring  the  nominals.  Automatic  gain  control  systems 
based  on  measurement  of  signals  biased  by  noise  (References  4,  6, 
and  8)  have  been  used  for  this  purpose  but  the  nominal  level  of 
the  signal  which  they  control  will  necessarily  change  as  the 
amount  of  noise  changes.  Another  example  of  how  the  signal  level 
may  become  dependent  upon  noise  . mplitude  is  the  VICOM  Tl-4000 
multiplexer  which  uses  a peak  clipping  circuit  for  its  amplitude 
sensing  signal  so  that  the  larger  the  noise  the  smaller  the  signal 
will  be.  The  system  concept  proposed  here  for  measuring  the 
nominal  levels  in  the  eye  pattern  degradation  monitor  is  to  adjust 
the  reference  level  of  a comparator  with  a feedback  loop  such 
that  50  percent  of  the  samples  associated  with  that  level  fall 
above  that  level  and  the  other  50  percent  fall  below  that  level. 

The  hardware  needed  to  implement  this  concept  is  reasonably  simple. 

Conceptually,  it  would  be  possible  to  subtract  the  nominal  levels 
from  the  observed  levels  to  obtain  the  perturbation  amplitudes, 
compute  the  rms  value  of  these  amplitudes,  and  assume  that  the 
perturbations  are  normally  distributed  with  a mean  of  zero  and  a 
standard  deviation  equal  to  the  measured  rms  value.  In  actual 
practice  it  would  be  difficult  to  mechanize  the  above  system  for 
a 12.5  megaBaud/sec  receiver.  Also,  it  would  be  desirable  to 
make  some  additional  measurement  (such  as  rectified  average  versus 
rms)  to  test  the  distribution  for  deviation  from  Gaussian.  For 
building  a device  which  will  measure  eye  quality  at  12.5  megaBaud/ 
sec,  a system  which  uses  one  or  more  additional  comparators  off- 
set from  the  nominal  levels  to  sense  the  amount  of  signal  pertur- 
bation from  nominal  seems  to  be  a practical  compromise  between 
complexity  and  performance. 

The  offset  threshold  monitors  described  in  References  5 and  6 use 
comparators  with  offset  thresholds  as  described  above  to  measure 
signal  quality  and,  therefore,  they  have  been  carefully  analyzed 
to  determine  their  capabilities  and  limitations.  From  an  opera- 
tional viewpoint,  one  of  the  biggest  disadvantages  of  this  mechan- 
ization is  that  its  quality  output  signal  has  no  absolute  scale 
such  that  a specific  output  voltage  would  have  a specific  meaning. 
The  calibration  of  the  device  is  accomplished  after  it  is  attached 
to  the  specific  multiplexer  which  it  is  to  monitor.  In  accordance 
with  the  calibration  procedure,  all  monitors  on  all  multiplexers 
are  adjusted  to  indicate  a signal  quality  of  0.10  volt  at  the  end 
of  calibration  regardless  of  individual  variations  in  the  operat- 
ing conditions  of  the  various  multiplexers  at  time  of  calibration. 
To  take  an  absurd  example,  if  a signal  quality  monitor  indicated 
a problem  with  a multiplexer,  the  first  troubleshooting  step 
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might  be  to  check  the  calibration  of  the  degradation  monitor  by 
repeating  the  calibration  procedure;  in  which  case  the  symptom  of 
trouble  would  automatically  disappear  regardless  of  the  condition 
of  the  multiplexer.  Assuming  that  a calibration  technique  could 
be  developed  for  circumventing  the  above  problem,  the  existing 
offset  threshold  monitor  is  still  not  recommended  because  it  uses 
a fixed  (adjusted  by  a potentiometer  during  calibration)  offset 
from  the  nominal  reference  level  as  a reference  voltage  for  the 
comparator  used  to  measure  "pseudo  error  rate".  With  the  aid  of 
Figure  3-3,  the  measured  "pseudo  error  rate"  may  be  defined  as 
equal  to  the  number  of  samples  observed  between  upper  data  deci- 
sion threshold  at  +d  volts  and  the  upper  offset  threshold  at 
+ (2d-a)  volts  plus  the  number  of  samples  observed  between  corres- 
ponding pair  of  lower  thresholds  -d,  and  -(2d-a)  divided  by  the 
number  of  sampling  periods  over  which  the  count  was  made.  When  a 
fixed  threshold  offset,  a,  is  used,  "pseudo  error  rate"  measure- 
ments suffer  from  the  same  rapid  changes  for  small  changes  in 
signal  to  noise  ratio  as  previously  described  for  counting  actual 
errors.  If  the  offset,  voltage,  a,  is  made  too  large,  the  pseudo 
error  rate  will  be  too  small  to  malce  accurate  measurements  of  low 
level  degradations.  If  the  offset  voltage,  a,  is  made  too  small 
the  error  rate  will  change  rapidly  for  small  degradations  but  tend 
to  remain  nearly  constant  at  nearly  25  percent  (assuming  that  the 
outer  signaling  levels  are  used  50  percent  of  the  time)  for  large 
noise  levels  in  the  amplitude  range  of  greatest  interest  where 
the  system  just  begins  to  make  actual  errors.  In  either  case,  the 
error  rate  variation  versus  noise  level  is  a highly  nonlinear 
function  which  is  not  readily  interpreted. 

The  recommended  solution  to  the  dilemma  as  to  how  large  to  make 
the  voltage  offset,  a,  for  measuring  "pseudo  error  rate"  is  to 
design  a closed  loop  system  which  adjusts  the  voltage  offset,  a, 
as  required  to  keep  the  pseudo  error  rate  constant.  From  Figure 
3-3  it  may  be  seen  that  the  thresholds  for  the  upper  pair  of 
pseudo  error  comparators  at  2d-a  and  d volts  are  a volts  and  d 
volts,  respectively,  below  the  nominal  upper  signal  level.  If, 
at  a point  where  the  signal  is  supposed  to  be  at  its  upper  level, 
it  suffers  a perturbation  in  the  negative  direction  larger  than 
a and  less  than  d,  the  level  of  the  perturbed  signal  will  fall 
between  the  limits  defined  by  the  upper  pair  of  pseudo  error 
comparators  and,  thus,  be  counted  as  a pseudo  error.  The  exact 
probability  of  counting  a pseudo  error  is  not  determined  here, 
but  for  the  present  discussion  an  approximate  analysis  will  be 
meaningful.  Assuming  that  perturbations  larger  than  d volts  are 
so  rare  compared  with  those  larger  than  a as  to  be  negligible, 
the  probability  of  counting  a pseudo  error  when  the  signal  is 
nominally  at  the  upper  level  is  equal  to  the  probability  that  the 
amplitude  perturbation,  e,  is  more  negative  than  a.  To  maintain 
the  same  pseudo  error  rate  when  the  rms  amplitude  of  e is  doubled, 
the  amplitude  of  a must  be  doubled.  Thus,  within  the  limits  of 
our  approximation,  it  is  obvious  that  when  a is  adjusted  to  keep 
the  pseudo  error  rate  constant  that  a is  directly  proportional  to 
the  rms  amplitude  of  the  perturbations  e. 
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The  results  of  the  exact  derivation  for  constant  pseudo  error  rates 
of  10  percent  and  1 percent  are  plotted  in  Figure  3-4.  For  the 
exact  derivation,  the  voltage  offset,  a,  and  the  rms  voltage,  N, 
of  the  perturbations  are  both  divided  by  d volts,  half  of  the  outer 
level  signal  voltage,  in  order  to  generalize  the  results.  The 
normalized  voltage  offset  a/d  is  plotted  as  a function  of  the  nor- 
malized rms  noise  amplitude  N/d  and  both  of  these  quantities  are 
dimensionless.  The  ordinates  for  the  two  a/d  versus  N/d  curves 
were  computed  for  the  seven  N/d  values:  1/3,  1/4,  1/5,  1/6,  1/7, 
1/8,  and  1/20.  Notice  that  N/d  is  a measure  of  noise  power  rela- 
tive to  signal  power  and  hence  a measure  of  signal  to  noise  ratio. 
The  theoretical  BER  (Baud  error  rate)  for  standard  three  level 
partial  response  signals  was  computed  for  each  of  these  seven  N/d 
values  and  each  value  is  shown  on  Figure  3-4  above  a vertical 
arrow  pointing  to  the  corresponding  N/d  ratio  for  that  BER. 

As  may  be  seen  from  an  examination  of  the  curves  plotted  in  Figure 
3-4,  the  voltage  offset,  a,  is  essentially  a linear  function  of 
rms  noise  level  for  receiver  Baud  error  rates  from  zero  to 
2 X 10”3  for  pseudo  error  rates  of  10  percent  and  1 percent.  The 
above  statement  is  very  significant.  We  now  have  a readily 
measurable  voltage,  a,  which  is  linearly  proportional  to  the  rms 
level  of  the  signal  perturbations  about  the  nominal  reference 
level,  2d,  which  is  also  readily  measurable.  That  is,  we  have  a 
measure  of  signal  level  unbiased  by  noise,  and  of  noise  level 
unbiased  by  signal;  assuming,  of  course,  that  we  measure  the 
signal  level,  2d,  by  adjusting  the  nominal  reference  comparator 
to  get  50  percent  of  the  samples  associated  with  that  level  high 
and  the  other  50  percent  low  as  described  earlier  rather  than 
using  the  noise  biased  signal  measurement  technique  of  the  exist- 
ing offset  threshold  monitor  described  in  References  6 and  7. 

We  now  have  a measurement  of  the  signal  amplitude  and  the  noise 
amplitude.  Still  needed  is  a test  to  determine  whether  or  not  the 
probability  density  function  of  the  noise  fits  the  Gaussian  proba- 
bility distribution.  This  capability  can  be  readily  provided  to 
two  pseudo  error  detectors  which  are  controlled  to  two  different 
pseudo  error  rates  such  as  1 percent  and  10  percent,  for  example. 

If  the  probability  density  function  is  truly  Gaussian,  then  the 
voltage  offsets  and  ap  of  the  two  pseudo  error  detectors 
should  maintain  a constant  ratio  with  respect  to  each  other,  which 
is  2.441  for  the  1 percent  and  10  percent  example.  For  noise 
probability  density  functions,  such  as  those  caused  by  single  tone 
interference  which  have  short  tails,  the  ratio  between  bj^  and  b2 
will  be  smaller  than  2.441,  and  for  distributions  with  larger 
tails  the  ratio  will  be  larger  than  2.441.  By  using  a larger  num- 
ber of  pseudo  error  detectors  set  at  a larger  number  of  levels, 
the  shape  of  the  probability  density  function  could  be  determined 
with  greater  precision;  however,  a point  of  diminishing  returns 


is  quickly  reached.  For  the  present,  it  is  suggested  that  the  eye 
pattern  degradation  monitor  have  three  analog  voltage  outputs: 
one  to  indicate  the  signal,  2d;  one  to  indicate  the  amplitude  of 
the  perturbations,  a^^;  and  second  perturbation  measure  of  a2,  made 
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at  a different  pseudo  error  rate  but  scaled  differently  so  that  ai 
is  equal  to  a2  when  the  probability  distribution  is  Gaussian. 

The  next  question  to  be  addressed  is  how  should  we  determine  the 
voltage  level  and  sample  timing  in  the  multiplexer  relative  to 
the  eye  opening.  The  answers  to  this  depend  greatly  upon  whether 
the  degradation  monitor  is  to  be  built  into  the  multiplexer, 
attached  semipermanently  outside  of  one  multiplexer,  or  switched 
so  as  to  monitor  several  multiplexers  or  several  multiplexer  input 
channels.  The  answers  also  depend  on  what  is  to  be  monitored; 
multiplexer  input  signal  quality,  or  multiplexer  output  signal 
quality.  In  the  final  analysis,  all  of  the  above  decisions 
should  be  based  on  getting  maximum  usage  of  the  incremental 
monitoring  capability  purchased  per  incremental  dollar  spent. 

For  monitoring  a single  multiplexer,  the  most  cost  effective  solu- 
tion seems  to  be  to  use  the  timing  signals  and  baseband  eye  pattern 
from  the  multiplexer  such  as  the  existing  offset  threshold  monitor 
does  with  the  possible  addition  of  test  points  for  measuring  the 
decision  reference  threshold  voltages.  In  this  case,  certain 
failures  in  the  multiplexer  will  be  detectable  by  the  eye  pattern 
monitor. 

On  the  other  hand,  if  eye  pattern  monitoring  is  to  be  done  in 
conjunction  with  several  multiplexers,  the  most  cost  effective 
solution  seems  to  be  to  build  a single,  stand-alone  self-contained 
eye  pattern  monitor  which  performs  all  of  the  automatic  gain 
control,  signal  spectrum  shaping,  and  timing  recovery  functions 
which  the  associated  multiplexers  perform  so  that  the  monitor 
can  be  switched  from  one  multiplexer  input  to  another  by  a scan- 
ning selector.  Thus,  a single  eye  pattern  monitor  can  sequen- 
tially monitor  the  input  quality  of  the  input  signals  for  an 
indefinite  number  of  multiplexers.  In  this  case,  failures  in 
the  multiplexers  (other  than  dead  shorts  at  the  inputs,  etc.) 
would  not  alter  the  output  of  the  eye  pattern  monitor. 
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3.2.3  Derivation  of  Voltage  Offset  Versus  Noise  for  Constant 
Pseudo  Error  Rates 


We  now  derive  the  relationship  shown  in  Figure  3-4  which  indicates 
how  the  voltage  offset  a (normalized  by  dividing  it  by  d)  must  be 
adjusted  to  keep  the  pseudo  error  rate  constant  as  the  rms  noise 
level  N (normalized  by  dividing  it  by  a)  changes.  This  relation- 
ship is  derived  for  the  three  level  partial  response  signal  shown 
in  Figure  3-3.  It  is  assumed  that  noise  at  the  sample  points  is 
normally  distributed  with  a mean  equal  to  zero  and  a standard  de- 
viation equal  to  N. 

It  is  further  assumed  that  two  pairs  of  comparators  are  used.  One 
pair  measures  the  number  of  samples  between  d and  (2d-a)  volts; 
the  other  measures  the  number  of  samples  between  -d  and  -(2d-a) 
volts.  In  actual  practice,  the  pseudo  error  rate  measured  by  the 
upper  pair  of  comparators  may  differ  from  that  measured  by  the 
lower  pair  because  the  signal  waveform  may  be  distorted  by  clipping 
or  saturation  in  such  a manner  that  only  one  side  is  distorted. 

For  this  reason,  it  is  considered  necessary  to  use  two  sets  of 
comparators  so  as  to  test  both  the  top  and  bottom  levels  of  the 
signal . 

In  the  idealized  case  which  we  are  considering  here,  the  upper  and 
lower  comparator  sets  would  both  obtain  the  same  average  number  of 
pseudo  errors;  hence,  in  this  derivation,  we  shall  derive  the  aver- 
age rate  for  the  top  pair  alone  and  then  multiply  by  two  to  obtain 
the  total  pseudo  error  rate . 

The  magnitude  of  each  received  voltage  sample  is  equal  to  its 
nominal  intended  magnitude  +2d,  0,  or  -2d  volts  plus  the  magnitude 
of  the  signal  perturbation,  e.  In  accordance  with  our  previous 
assumption,  e must  be  a normally  distributed  random  variable  with 
mean  equal  to  zero  and  a standard  deviation  equal  to  N.  The  prob- 
ability of  a particular  sampled  voltage  amplitude  falling  between 
d and  2d-a  volts,  assuming  that  the  nominal  intended  level  was 
2d,  is  equal  to  the  probability  that  e is  of  the  proper  size  to 
cause  the  sampled  voltage  to  fall  within  the  specified  range. 

P (upper  pair  detects  pseudo  error  | intended  level  = 2d) 

= P (d  £ 2d+  e < 2d-a) 

= P (-d  ^ E < -a) 

= P [-d/N  < e/N  < -a/N  | e/N  % N(0,1)  ] 

= P [d/N  < z £ a/N  I z N(0,1)  ] 

= Q(a/N)  - Q (d/N)  (4) 
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where 

Q (t)  = P [z  > t I z 'V  N(0,1)  ] 

= P (z  > t)  given  z is  normally  distributed  with  mean  = 0 
and  variance  = 1. 

The  conditional  probability  of  the  upper  pair  of  comparators  detect- 
ing a pseudo  error  given  that  the  intended  level  was  zero  may  be 
computed  simularly. 

P (upper  pair  detects  pseudo  error  | intended  level  = 0) 


= P (d  < 0+e  _<  2d-a) 

= P [d/N  < e/N  _<  (2d-a)/N  ] e/N  N{0,1)] 

= Q (d/N)  - Q (2d-a)/N 
Likewise, 

p (upper  pair  detects  pseudo  error  | intended  level  = -2d) 
= P(d  < -2d+e  < 2d-a) 


= P(3d  < e £ 4d-a) 

= P (3d/N  < e/N  < (4d-a)/N 
= Q (3d/N)  - Q (4d-a)/N 


e/N  'v-  N(0,1)  ] 


For  the  three-level  partial  response  signal  considered  here,  the 
probcdjility  of  level  +2d,  0,  or  -2d  being  intended  is  1/4,  1/2, 
or  1/4,  respectively.  Therefore,  the  probability  of  the  upper 
pair  of  comparators  detecting  a pseudo  error  is  as  follows. 

P (upper  pair  detects  pseudo  error) 

= 1/4  {Q(a/N)  - d(d/N)} 

+ 1/2  {Q(d/N)  - Q[(2d-a)/N]}  (7) 

+ 1/4  {Q(3d/N)  - (}[(4d-a/N]} 

= 1/4  {Q(a/N)  + Q(d/N)  - 2Q [ ( 2d-a) /N]'  + Q(3d/N)  - Q[(4d-a)/N]} 

Given  that  both  an  upper  pair  (2d-a  and  d)  and  a lower  pair  (-2d+a 
and  -d)  of  pseudo  error  comparators  are  to  be  used,  and  assuming 
that  both  pairs  detect  the  same  average  number  of  errors,  the  total 
pseudo  error  rate  will  be  twice  that  derived  above. 


1 
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P (pseudo  error) 

= 1/2  {Q(a/N)  + Q(d/N)  - 2Q[2d-a)/N]  + Q(3d/N)  - Q((4d-a)/N]} 

(8) 

Using  the  cibove  equation,  we  may  solve  explicitly  for  P (pseudo 
error)  as  a function  of  the  two  normalized  variables  a/N  and 
d/N  (or  N/d  if  preferred) . To  obtain  the  points  required  to  plot 
a/N  as  a function  of  N/d  for  a constant  value  of  pseudo  error,  as 
shown  in  Figure  3-4,  it  would  be  convenient  to  have  an  equation 
expressing  a/N  as  an  explicit  function  of  P (pseudo  error)  and  N/d. 
Not  having  such  an  explicit  relationship  for  a/N,  the  above  equa- 
tion was  solved  iteratively  for  each  fixed  value  of  N/d  by  adjust- 
ing a/N  successively  until  the  desired  value  of  P (pseudo  error) 
was  obtained  to  the  desired  accuracy.  The  initial  value  of  a/N 
for  each  series  of  iterations  could  be  solved  for  explicitly  using 
the  following  approximation  which  neglects  the  last  three  terms  of 
the  equation. 

P (pseudo  error)  « 1/2  Q(a/N)  + Q(d/N)  (9) 

Q(a/N)  w 2 P (pseudo  error)  - Q(d/N)  (10) 

a/N  a [2  P (pseudo  error)  - Q(d/N)]  (11) 

For  the  points  shown  in  Figure  3-4,  the  above  approximation  is 
quite  accurate. 

For  example,  the  approximation  is  poorest  at  N/d  = 1/3  and  P 
(pseudo  error)  = 0.01,  at  which  point  the  approximation  gives 

a/N  a q“^  [0.02  - Q(3)]  = 2.0829  (12) 

After  iterative  solutions  to  find  an  improved  value  for  a/N,  we 
obtain  a/N  = 2.0805.  Substituting  a/N  = 2.0805  and  N/d  = 1/3 
into  the  precise  equation  for  P (pseudo  error) , we  obtain  the 
following  numerical  solution. 

P (pseudo  error) 

= 1/2{Q(2.0805  + Q(3)  - 2Q(3.9195  + Q(9)  - Q(9.9195)  } 

= 1/2  {0.0187398  + 0.0013500  - 0.0000888  + 1.15  x (10)“^® 

- 1.75  (10)"^^} 

= 1/2  (0.0200010)  = 0.0100005  (13) 

Notice  that  the  fourth  and  fifth  terms  of  the  exact  expression  were, 
truly  negligible  at  this  point  and  the  effect  of  the  third  term  was 
small,  only  changing  a/N  from  2.0829  to  2.0805;  tliat  is,  0.1  percent. 
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It  is  significant  to  check  the  accuracy  of  the  one  term  approxi- 
mation for  P (pseudo  error)  because  the  one  term  approximation 
produces  a linear  relationship  between  a and  N which  is  conven- 
ient for  interpreting  the  output  of  the  degradation  monitor. 


P (pseudo  error)  « 1/2  Q(a/N)  (14) 

a/N  « q”^  [2  P (pseudo  error) ] (15) 

for 

P (pseudo  error)  =0.01  (16) 

a « N q“^  (0.02)  = 2.0542  N (17) 

a/D  « 2.0542  N/d  (18) 


The  above  equation  defines  the  asymptote  which  the  0.01  pseudo 
error  rate  curve  on  Figure  3-4  approaches  as  N/d  approaches  zero. 
Collecting  results  where  P (pseudo  error)  = 0.01  and  N/d  = 1/3, 


Using  all  five  terms,  a/N  ss  2.0805,  exact  (19) 
Using  three  terms,  a/N  2.0805,  negligible  error  (20) 
Using  two  terms,  a/N  2.0829,  0.1  percent  high  (21) 
Using  one  term,  a/N  2.0542,  1.3  percent  low.  (22) 


Since  the  p (pseudo  error)  = 0.01,  N/d  = 1/3  point  was  selected  as 
the  point  farthest  away  from  the  one  term  asymptotic  approximation 
for  all  points  computed  in  plotting  Figure  3-4,  the  one  term  appro- 
ximation is  adequate  for  most  purposes  over  the  range  of  values 
plotted..  Using  this  approximation,  the  rms  noise  level  is  directly 
proportional  to  the  measurable  voltage  with  a known  scale  factor; 
hence,  we  have  a means  for  determining  the  rms  noise  level. 

The  actual  (not  pseudo)  Baud  error  rate  for  the  transmitted  data 
may  be  conveniently  computed  from  the  following  equations,  which 
are  equivalent  to  those  given  earlier  except  that  the  rms  signal 
power  parameter,  S,  has  been  replaced  with  the  closely  related 
parameter,  d,  which  as  defined  previously  as  equal  to  half  of  the 
voltage  difference  between  adjacent  levels. 

For  ordinary  (that  is,  all  levels  equally  probable)  PAM  signaling 
with  L levels, 

BER  = 2(1  - 1/L)  P(e  > d) . 

= 2 (1  - 1/L)  P[e/N  > d/N  | e/N  v N(0,1)] 

= 2 (1  - 1/L)  Q(d/N)  (23) 
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Similarly,  for  the  most  common  types  of  partial  response  signaling 
(Class  I with  n=2  and  Class  IV  with  n=3) , 


BER  = 2(1  - 1/M^)  Q(d/N) 
where 


2 (24) 

Note  that  d and  N are  both  measured  by  the  proposed  eye  pattern 
monitor  and  that  L is  simply  the  number  of  signaling  levels;  hence, 
the  eye  pattern  monitor  output  signals  are  sufficient  for  com- 
puting the  actual  error  rate  assuming  that  the  distribution  of 
the  perturbation  is  Gaussian. 


3.3  BASEBAND  EYE  PATTERN  MONITOR  CIRCUIT  DESCRIPTION 


3.3.1  Baseband  Eye  Monitor  Overall  View 


The  circuits  presently  implemented  in  the  Baseband  Eye  Monitor 
are  shown  in  the  "Baseband  Eye  Pattern  Monitor  Functional  Block 
Diagram",  Figure  3-5.  The  BEM  evaluates  the  quality  of  the  base- 
band input  signal  (shown  entering  at  the  upper  left)  in  the  per- 
formance measurement  function  of  the  digital  ATEC  system.  In 
this  application,  the  "baseband"  input  signal  is  the  output  of  a 
radio  receiver.  The  term  "baseband"  (for  PCM/TDM)  means  that  the 
demodulation  processes  have  been  completed  to  the  degree  that  no 
further  frequency  translations  are  required.  In  the  presently 
developed  BEM  application,  the  communication  system  consists  of 
VICOM  TI-4000  series  multiplexers  connected  through  radio  links 
(AN/FRC-162) . The  baseband  signal  which  the  BEM  analyzes  has  a 
three  level,  PAM  (pulse  amplitude  modulated)  format.  When  the 
received  analog  voltage  is  observed  with  a properly  synchronized 
oscilloscope,  the  resulting  eye  pattern  for  the  three  level  partial 
response  signal  at  the  VICOM  TI-4000  should  look  like  that  shown 
in  Figure  3-3. 


In  the  VICOM  system,  the  partial  response  shaping  filters  are 
divided  into  two  approximately  equal  parts  located  in  the  MUX 
transmitter  and  the  MUX  receiver.  The  BEM  receives  the  same  sig- 
nal as  the  receive  multiplexer  and  must  perform  the  same  partial 
response  filtering  in  order  to  obtain  the  same  eye  pattern.  In 
the  multiplex  receiver  the  quality  of  the  eye  pattern  is  affected 
by  the  quality  of  the  AGC  (automatic  gain  control)  and  Baud  timing 
recovery  systems.  To  produce  an  eye  pattern,  the  BEM  must  perform 
the  same  functions  as  the  MUX  receiver.  If  the  BEM  performs  the 
partial  response  filtering,  AGC,  and  timing  recovery  functions 
better  than  the  VICOM  receiver,  then  the  BEM  eye  pattern  will  be 
better  than  that  of  the  VICOM.  In  such  a case  the  BEH  quality 
measurements  would  not  be  directly  applicable  to  predicting  VICOM 
receiver  performance.  On  the  other  hand,  if  VICOM  TI-4000  circuit 
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boards  are  usea  for  parcial  response  filtering,  AGC,  and  timing 
recovery,  the  BEM  would  be  excessively  sensitive  to  temperature 
fluctuations  since  the  temperature  sensitivities  of  the  VICOM 
boards  exceed  those  allowable  for  the  BEM  application. 

After  careful  consideration  of  these  factoisi  it  was  decided  that 
the  best  solution  was  a compromise  beti/een  L-ilding  improved  fil- 
ter, AGC,  and  timing  recovery  circuits  and  using  the  VICOM  circuit 
boards.  It  was  decided  that  the  BEM  quality  measurements  would  be 
most  useful  for  predicting  VICOM  performance  if  actual  VICOM  cir- 
cuit boards  were  used.  However,  narrow  bandwidth  (slowly  respond- 
ing) secondary  control  loops  would  be  needed  to  correct  for  varia- 
tions of  the  control  points  of  the  VICOM  AGC  and  Baud  timing  sys- 
tems caused  by  temperature  changes  and  other  influences.  The  BEM 
Functional  Block  Diagram  shows  the  functions  performed  by  VICOM 
circuit  boards  (enclosed  within  dashed  lines) . A secondary,  but 
significant,  advantage  of  the  use  of  MUX  receiver  boards  is  that 
this  simplifies  logistics  and  makes  it  easier  to  configure  the  BEM 
to  monitor  different  types  of  MUX  receivers. 

3.3.2  Automatic  Gain  Control  Systems 

The  incoming  baseband  signal  to  the  BEM  passes  through  a fixed  gain 
buffer  amplifier  to  the  standard  VICOM  receiver  circuit  boards.  The 
standard  partial  response  shaping  filters  are  used  even  though  the 
resulting  eye  pattern  shows  degradation  from  intersymbol  inter- 
ference; which  would  not  occur  if  the  filter  shaping  were  ideal. 

It  was  discovered  that  the  degree  of  degradation  of  the  filter 
shaping  varied  as  the  gain  of  the  variable  gain  amplifier  (VGA) 
changed;  as  the  amplifier  gain  was  increased,  amplifier  bandwidth 
decreased  causing  amplifier  phaseshift  to  increase. 

A new  wideband  VGA  was  developed  but  it  was  decided  that  the  origi- 
nal VGA  should  be  used.  That  way  the  variation  of  the  eye  pattern 
quality  versus  input  signal  level  for  the  BEM  would  more  nearly 
match  that  of  the  VICOM  receiver.  In  the  VICOM  system  the  signal 
for  adjusting  the  VGA  gain  is  obtained  by  monitoring  the  positive 
peaks  of  the  baseband  eye  pattern  signal  with  a peak  detector. 
Whenever  the  signal  exceeds  a positive  reference  level,  current 
flows  into  a low  pass  filter,  dc  amplifier  circuit.  Part  of  the 
reference  voltage  for  the  gain  control  is  dependent  on  diode  or 
base  emitter  junction  voltages  which  are  temperature  sensitive; 
therefore,  the  signal  level  of  the  VICOM  AGC  system  varies  with 
temperature . 

The  amplitude  of  the  desired  portion  of  the  eye  pattern  signal 
also  varies  as  a function  of  the  noise  level.  The  peak  amplitude 
detecting  controller  attempts  to  adjust  the  gain  so  that  the  peak 
amplitude  for  the  composite  data  and  noise  signal  is  equal  to  that 
desired  for  data  alone.  The  result  is  that  the  data  signal  shrinks 
as  the  noise  increases.  In  order  to  maintain  the  same  dynamic 
response  as  the  VICOM  AGC  system  but  eliminate  the  essentially 
steady  state  errors,  an  extremely  slow  secondary  AGC  system  is 
built  into  the  BEM  which  adds  a quasi  dc  signal  to  the  reference 
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voltage  used  in  the  VICOM  AGC.  This  quasi  dc  signal  from  the 
secondary  AGC  system  adjusts  the  control  point  of  the  primary 
(VICOM  circuit  board)  AGC  system  to  remove  steady  state  gain 
errors  without  altering  the  dynamic  response  of  the  primary 
system.  Except  for  this  one  modification,  which  requires  the 
addition  of  one  resistor,  the  portion  of  the  BEM  Functional 
Block  Diagram  inside  the  dashed  line  rectangle  uses  the  same 
circuit  boards  used  in  the  standard  MUX  receiver,  for  the  commu- 
nication channel  which  the  BEM  is  monitoring. 

3.3.3  Frequency  and  Phase  Lock  Systems 

The  standard  MUX  receiver  circuit  boards  used  in  the  BEM  have  two 
output  signals.  One  is  the  analog  eye  pattern  signal  and  the  other 
is  the  Baud  timing  clock,  used  in  the  MUX  receiver  to  control  the 
timing  of  the  sampling  process  which  converts  the  eye  pattern  ana- 
log into  a digital  signal.  Like  the  signal  level  from  the  AGC  cir- 
cuit, the  phase  of  the  Baud  timing  recovery  circuit  changes  as  a 
function  of  temperature  and  noise  level.  A secondary  phase  control 
system  with  an  intentionally  very  slow  response  is  used  to  correct 
for  the  steady  state  phase  errors  in  the  primary  phase  lock  loop 
without  significantly  altering  the  dynamic  response.  The  phase 
adjustment  is  accomplished  by  passing  the  primary  Baud  timing  clock 
signal  through  a voltage  controlled  phaseshift  device  to  obtain  the 
necessary  quasi-steady-state  phase  correction  needed  to  satisfy  the 
secondary  phase  control  system.  The  voltage  controlled  phaseshift 
circuit  produces  a phase  shift  directly  proportional  to  the  applied 
voltage . 

3.3.4  Phase  Shifting  Module 

A technique  for  building  a voltage  controlled  phase  shift  module  is 
shown  in  Figure  3-6.  The  square  wave  clock  signal.  A,  is  passed 
through  an  integrator  to  form  triangular  wave  signal,  B,  which  is 
connected  to  one  input  of  a comparator.  The  quasi-steady-state 
phase  control  voltage,  C,  is  applied  to  the  other  input.  When  the 
dc  component  of  waveform  B crosses  the  level  of  phase  control  volt- 
age, C,  the  comparator  output  is  switched.  Assuming  both  signals, 

B and  C,  have  no  dc  bias,  the  comparator  output  becomes  a 50  per- 
cent duty  cycle  square  wave,  D.  Increasing  the  phase  control  volt- 
age, as  shown  by  C , causes  the  switching  times  of  the  comparator 
to  change,  changing  the  comparator  output  signal  from  a 50  percent 
duty  cycle  square  wave  to  an  unequal  duty  cycle,  rectangular  wave, 

D' . The  rising  edges  of  D'  are  delayed  by  a fixed  phase  relative 
to  D and  the  falling  edges  of  D'  are  advanced  relative  to  D by  the 
same  amount. 

If  the  circuits  using  the  clock  can  tolerate  an  uneven  duty  cycle 
clock,  the  output  of  the  comparator  can  be  used  directly  as  the 
new  clock.  If  an  equal  duty  cycle  clock  is  required  the  frequency 
of  the  uneven  clock,  D' , can  be  divided  by  two  using  a flip-flop 
which  only  clocks  on  the  rising  (or  falling)  edges  of  D'  so  that 
output,  E',  becomes  a 50  percent  duty  cycle,  phase  adjustable  clock 
at  half  the  frequency  of  the  input  clock,  A.  When  a clock  at  double 
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3.3.5  Sample  and  Hold  For  Simultaneous  Comparator  Samples 

The  Baud  timing  clock  from  the  voltage  controlled  phase  shift 
module  controls  the  timing  of  the  sample  and  hold  module  which 
samples  the  analog  eye  pattern  signal.  The  output  of  the  sample 
and  hold  goes  to  the  noninverting  input  of  each  of  five  compara- 
tors (Figure  3-5) . Each  of  the  comparator  outputs  is  sampled 
and  stored  by  a flip-flop  which  is  clocked  one  half  a Baud  period 
later  than  the  sample  and  hold. 

Conceptually,  the  BEM  will  function  just  as  well  with  the  compara- 
tors connected  directly  to  the  analog  eye  pattern  signal  without 
the  sample  and  hold  device,  provided  that  the  time  delays  in  each 
of  the  five  comparator  and  flip-flop  pairs  are  essentially  identi- 
cal or  negligible.  If  the  sample  and  hold  device  were  omitted 
and  the  delays  were  unequal,  the  effect  would  be  equivalent  to 
having  the  different  comparators  sampling  at  different  times 
even  though  they  are  all  connected  to  the  same  clock.  The  basic 
concept  of  the  BEM  requires  that  all  five  of  the  comparator 
outputs  must  represent  measurements  of  the  analog  eye  pattern 
signal  which  are  effectively  taken  simultaneously.  The  use  of 
a single  seimple  and  hold  serving  all  five  comparators  plus  the 
allowance  of  an  adequate  settling  time  before  clocking  the  com- 
parator outputs  into  the  flip-flops,  rigorously  satisfies  the 
severe  requirement  for  simultaneously  sampling  of  the  analog  eye 
signal.  This  technique  might  find  application  elsewhere,  where 
sampling  of  high  frequency  signals  is  involved.  The  function 
performed  by  the  five  comparators  could  have  been  performed  by 
an  A/D  converter  except  that  the  12. 5M  Baud  per  second  rate  of  the 
eye  pattern  signal  does  not  allow  sufficient  time  for  contemporary 
A/D  converters  to  converge  to  one  solution  before  starting  on  the 
next . 

The  five  comparators  shown  in  Figure  3-5  compare  the  sampled  eye 
pattern  voltage  with  each  of  the  five  reference  voltages,  +d, 
zero,  -d,  -(2d-a),  and  -2d,  respectively,  to  deter- 
mine whether  the  eye  pattern  voltage  was  above  or  below  each  of 
these  references  at  the  sampling  time.  The  five  corresponding 
flip-flops  clock  these  comparator  decisions,  storing  each  set  of 
decisions  for  one  Baud  period.  The  voltage  -2d  is  derived  from 
a constant  voltage  reference  and  the  voltage  -2d  is  obtained  using 
a unity  gain  inverting  amplifier.  The  voltages  +d  and  -d  are  ob- 
tained by  dividing  +2d  and  -2d,  respectively  by  two.  The  electri- 
cal ground  is  used  for  the  zero  reference  voltage.  All  of  the 
five  reference  voltages  are  constant  except  for  -(2d-a)  which  is 
variable  because  the  dispersion  signal,  "a",  is  adjusted  by  the 
Pseudo  Error  Rate  Control  to  maintain  a constant  pseudo  error 
rate.  The  time  constant  for  the  Pseudo  Error  Rate  Control  Loop 
is  equal  to  a few  million  Baud  periods;  therefore,  for  events 
taking  only  a few  thousand  Baud  periods  or  less  the  comparator 
reference  voltage  -(2d-a)  may  be  considered  to  be  essentially 
constant.  The  variable  reference  voltage,  -(2d-a),  is  equal  to 
the  sum  of  the  fixed  reference  voltage,  -2d,  and  the  dispersion 
voltage,  "a". 
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An  ordinary  summing  amplifier  combines  these  two  signals  to  ob- 
tain the  pseudo  steady  state  -(2d-a)  comparator  voltage  refer- 
ence. The  outputs  of  the  five  comparators  contain  the  needed 
information  for  correcting  the  dc  offset,  sampling  phase,  ampli- 
tude, and  pseudo  error  rate  of  the  saitpled  signal,  as  will  be 
explained. 

3.3.6  Zero  Crossing  Detector  For  Offset  and  Phase  Controls 

Errors  in  the  eye  pattern  sampling  clock  phase  can  be  detected 
by  observing  samples  taken  at  the  time  the  eye  pattern  voltage 
is  supposedly  passing  through  the  zero  volt  level  as  shown  in 
Figure  3-3.  If  the  voltage  is  rising  at  sampling  time,  (n-1) , 
sampling  late  will  cause  the  sampled  voltage  to  exceed  zero, 
producing  a 1,  "true"  output  from  the  X > 0 conparator  and 
flip-flop.  On  the  other  hand,  if  i-he  eye  pattern  voltage  were 
falling  at  the  sanpling  time,  sampling  a zero  crossing  late 
would  produce  a false  output  (zero)  from  the  X > O output. 
Therefore,  to  detect  the  direction  of  a phase  error,  it  is 
necessary  to  know;  first,  that  the  eye  pattern  voltage  sample 
in  question  was  taken  at  or  close  to  a zero  crossing;  and 
second,  whether  the  sampled  voltage  was  rising  or  falling  when 
the  sample  was  taken.  Figure  3-3  shows  that  both  of  these  con- 
ditions are  met  whenever  the  preceding  sample,  (n-2) , fits  the 
upper  level  and  the  following  sample,  (n) , fits  the  lower  level, 
or  when,  (n-2) , fits  the  lower  and,  (n-1)  fits  the  upper.  In 
both  cases,  the  voltage  passes  through  zero  at  the  sampling 
tiire,  (n-1),  and  in  the  first  case  the  voltage  is  falling  at  the 
sample  time  while  in  the  second  case  it  is  rising.  The  logic 
circuit  shown  in  Figure  3-7  detects  these  two  patterns  to  allow 
phase  corrections  only  when  the  zero  crossings  with  maximal 
slopes  occur. 

Referring  to  Figure  3-3,  the  received  analog  signal,  "Y",  cor- 
responding to  the  received  three- level  eye  pattern  will  be 
defined  as  equal  to  +1  for  an  upper  level  signal,  zero  for  a 
center  level  signal,  and  -1  for  a lower  level  signal.  The  two 
patterns  to  be  detected  for  sample  phase  correction  as  defined 
in  the  preceding  paragraphs  correspond  to  Yn-2»  Yn-lf  Yn 
equal  +1,  0,  -1  or  -1,  0,  +1  respectively  (Figure  3-7).  When 
the  Xji  > +d  input  in  Figure  3-7  is  true  the  received  value  for 
Yn  is  equal  to  +1,  so  this  is  called  the  Yn  = +1  signal  as 
shown  at  the  input  of  flip-flop  2.  When  the  Xn  > -d  input 
signal  is  false,  Y is  equal  to  -1,  so  the  Xn  > -d  signal  is 
inverted  to  produce  the  Yn  = -1  signal.  Flip-flops  2 and  6 
store  the  previous  values  of  the  Yn  = +1  signal  so  that  the 
Yn-1  = +1  signal  and  Yn-2  = +1  signals  are  available  at 
their  outputs.  Flip-flops  3 and  7 provide  the  Yn-1  = “1 
Yn-2  = “1  signals  in  a like  manner.  If  the  value  of  Y is 
neither  +1  nor  -1  then  it  must  be  0;  therefore,  NOR  gate  5 pro- 
duces a Yn-1  ==  0 signal  when  the  Yn-1  = +1  and  Yn-1  = "1 
signals  are  connected  to  the  input.  Three-input  AND  gate  8 
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detects  a zero  crossing  with  rising  voltage  at  sample  time  n-1 
and  gives  a true  output  whenever  the  three  inputs,  Yn-2  ~ "1' 
Yp-i  = 0,  and  Yn  = +1  are  simultaneously  true.  Three-input 
AND  gate  9 detects  a zero  crossing  with  falling  voltage  at 
sample  time  n-1  and  gives  a rue  output  whenever  the  three 
inputs,  Yn-2  “ ‘‘'I'  ^n-1  “ Of  arid  Yn  = -1  are  simultaneously 
true.  The  positive  and  negative  slope  zero  crossing  detection 
signals  from  gates  8 and  9 respectively  are  combined  by  OR 
gate  10  so  that  if  either  one  type  zero  crossing  or  the  other 
is  detected  at  sample  time  n-1  the  output  of  OR  gate  10  will 
be  true.  Therefore,  a true  output  from  gate  10  indicates  that 
a maximum  slope  zero  crossing  has  been  detected  at  sample  time 
n-1. 

The  phase  correction  and  dc  offset  correction  voltages  are 
adjusted  only  when  maximum  slope  zero  crossings  are  detected, 
so  the  signal  from  gate  10  is  used  to  enable  or  prohibit  the 
updating  of  these  corrections.  The  true  state  of  the  gate  10 
output  permits  the  phase  and  dc  offset  corrections  to  be 
updated;  therefore,  this  signal  is  called  "update  enable". 

3.3.7  Offset  Control 


If  the  sample  timing  is  correct  but  there  is  a positive  dc 
offset,  then  the  measured  value  of  X at  the  time  of  a zero 
crossing  will  be  positive  regardless  of  the  direction  (in- 
creasing or  decreasing)  of  the  voltage  change  at  the  zero 
crossing;  therefore,  a true  value  of  the  X > O signal 
(Figure  3-5)  measured  at  the  zero  crossing  time  indicates 
that  the  dc  offset  is  positive.  At  the  time  that  the  "update 
enable"  signal  is  true,  the  X sample  corresponding  to  the 
detected  zero  crossing  is  X^-i;  therefore,  flip-flop  4 
(Figure  3-7)  is  used  to  delay  the  Xn  > 0 signal  one  Baud 
period  to  obtain  the  X^-i  > 0 signal  labeled  "offset  is 
positive"  which  is  used  along  with  the  "update  enable"  signal 
to  adjust  the  dc  offset  correction  voltage  as  shown  in  Fig- 
ure 3-8.  The  clock  input,  C,  to  the  digital  counters  in 
Figure  3-8  would  cause  them  to  count  one  increment  per  Baud 
period  if  it  were  not  for  the  "update  enable"  signal  which 
permits  them  to  count  only  when  zero  crossings  are  detected. 

The  signal  labeled  "offset  is  positive"  controls  the  direction 
of  the  counting  so  that  the  number  in  the  counter  is  increased 
one  count  whenever  X^-i  > 0 is  true  when  a zero  crossing  is 
detected,  and  decreased  one  count  whenever  X^-i  > O is  false 
when  a zero  crossing  is  detected.  The  most  significant  bits 
of  the  counter  are  connected  to  the  digital  to  analog  converter 
which  produces  the  analog  "offset  correction  voltage"  signal 
that  is  subtracted  from  the  analog  eye  pattern  signal  prior 
to  the  sampling  process  as  shown  in  Figure  3-5.  The  counter 
was  designed  to  handle  binary  numbers  several  bits  longer  than 
the  D/A  converter  so  that  many  LSB  (least  significant  bit) 


counts  are  required  into  the  counter  in  order  to  change  the  A/D 
output  by  one  LSB.  This  difference  in  the  size  of  the  LSBs  slows 
the  rate  of  response  for  the  closed  loop  correction  thereby 
decreasing  the  noise  level  in  the  offset  correction  voltage. 

3.3.8  Secondary  Phase  Control 

The  phase  correction  loop  uses  essentially  the  same  design  as 
the  offset  correction  loop  except  for  the  exclusive  OR  gate 
(modulo  two  adder) , gate  11  of  Figure  3-7.  If  the  = -1 
signal  into  gate  11  is  true  when  the  "update  enable"  signal  is 
true,  this  indicates  that  the  sampled  voltage  was  decreasing 
with  respect  to  time  when  the  zero  crossing  was  detected. 
Therefore,  when  negative  going  zero  crossing  is  sampled  late, 
the  zero  crossing  sample,  X^-i  will  be  negative  causing, 

Xn-1  > O to  be  false  and  Yn  = -1  to  be  true.  These  two 
unlike  input  states  into  gate  11  make  the  output  signal,  called 
"sampling  phase  late",  true.  Similarly,  if  a positive  going 
zero  crossing  is  sampled  late,  the  Y^  = -1  signal  will  be 
false  and  the  sample  near  tiie  zero  crossing,  Xn-i,  will  be 
positive  so  that  X^-i  > O will  be  true.  Once  again  the  states 
of  the  two  input  signals  into  gate  11  are  unlike  causing  the 
output  signal  called  "sampling  phase  late"  to  be  true.  Thus, 
in  both  zero  crossing  cases,  sampling  late  will  produce  a true 
state  for  the  "sampling  phase  is  late"  signal  while  the  "update 
enable"  signal  is  true.  Similarly,  it  may  be  shown  that  sam- 
pling a zero  crossing  early  will  cause  the  "sampling  phase  is 
late"  signal  to  be  false  wh^n  the  "update  enable"  signal  is 
true.  The  up  down  counter  and  D/A  converter  portions  of  the 
phase  correction  system  shown  in  Figure  3-8  work  in  essentially 
the  same  manner  as  the  equivalent  components  in  the  offset 
control  system  and,  therefore,  require  no  further  explanation. 

3.3.9  Secondary  Amplitude  Control 

As  explained  previously,  the  secondary  amplitude  control  (Fig- 
ure 3-9)  changes  the  size  of  the  voltage  reference  which  the 
primary  amplitude  control  uses  as  the  standard  to  which  the 
signal  level  should  be  controlled.  If  the  signal  level  detected 
by  the  secondary  control  is  too  small,  the  secondary  control 
obtains  the  desired  increase  by  increasing  the  size  of  the  volt- 
age reference  used  by  the  primary  control.  For  the  BEM  to 
measure  dispersion  of  the  baseband  eye  pattern  signal  about  the 
lower  level  accurately,  the  lower  level  of  that  signal  must  be 
accurately  centered  about  the  -2d  voltage  reference  level.  The 
secondary  amplitude  control  adjusts  the  signal  amplitude  as 
needed  to  accomplish  this  centering.  The  secondary  amplitude 
control  block  diagram,  Figure  3-9,  shows  how  the  amplitude  error 
signal  is  obtained  and  how  the  amplitude  correction  voltage  is 
adjusted.  The  X > -d  signal  is  inverted  to  obtain  a signal 
which  is  true  only  when  the  received  value  of  X is  closer  to 
the  level  than  any  other  level;  therefore,  this  inverted  signal 
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is  called  the  Y = -1  signal.  The  function  of  the  secondary 
amplitude  control  is  to  adjust  the  signal  amplitude  so  that 

half  of  the  lower  level  sample  points  are  below  the  -2d  voltage 

reference  level  and  the  other  half  are  cibove  that  reference; 
therefore,  the  Y = -1  signal  is  connected  to  the  enable  input 
of  the  counter  so  that  only  X samples  corresponding  to  lower 

level  samples  are  permitted  to  affect  the  counter.  The  X > -2d 

signal  is  used  to  control  the  direction  of  the  counter.  When 
the  baseband  eye  pattern  signal  is  small  the  X > -2d  signal 
will  be  true  more  often  than  false  for  lower  level  samples 
causing  the  counter  to  count  up  more  often  than  down.  The  net 
surplus  of  upward  counts  relative  to  downward  counts  causes  the 
counter  digital  output  to  increase  thereby  increasing  the  ampli- 
tude of  the  analog  voltage  out  of  the  D/A  converter.  As  said 
before,  increasing  the  amplitude  correction  voltage  out  of  the 
D/A  converter  causes  the  eye  pattern  signal  amplitude  to  increase. 
Thus,  the  secondary  amplitude  control  adjusts  the  signal  ampli- 
tude as  needed  to  cause  half  of  the  lower  level  scimples  to  occur 
below  the  -2d  level  and  half  cibove. 

The  original  BEM  system  plan  called  for  adjusting  the  center  of 
the  upper  level  of  the  eye  pattern  signal  to  +2d  volts,  the 
center  level  to  zero  volts,  and  the  lower  level  to  -2d  volts  so 
i that  offset  threshold  measurements  could  be  made  to  the  upper 

' level  as  well  as  the  lower  level.  However,  it  was  learned  during 

laboratory  testing  that  it  was  impossible  to  center  all  three 
levels  simultaneously  as  intended  because  the  levels  were  not 
equally  spaced.  The  cause  of  the  unequal  spacing  was  traced  to 
unequal  duty  cycles  for  positive  and  negative  output  pulses  in  the 
, VICOM  transmitter.  Since  improving  all  of  the  VICOM  transmitters 

was  an  impractical  solution,  the  BEM  system  plan  was  changed  to 
I accommodate  this  unexpected  form  of  signal  distortion.  One 

attractive  approach  was  to  center  the  upper  and  lower  levels 
about  +2d  and  -2d  respectively  so  that  offset  threshold  measure- 
^ ments  could  still  be  made  about  both  the  upper  and  the  lower 

levels;  however,  the  chosen  secondary  phase  adjustment  system 
was  not  designed  to  tolerate  dc  offset  of  the  center  level.  When 
the  unsymmetrical  VICOM  signal  problem  was  discovered,  it  was 
too  late  to  add  all  of  the  system  complexity  needed  to  make  the 
; secondary  phase  adjustment  system  insensitive  to  center  level 

dc  offset  errors.  The  most  practical  remaining  option  was  to 
control  the  center  level  and  either  the  upper  or  lower  level, 
but  not  both.  The  lower  level  was  selected  for  control  and 
monitoring  for  reasons  involving  component  layout  and  noise  in 
the  existing  circuit  boards.  Deleting  the  AGC  and  pseudo  error 
input  signals  previously  supplied  by  measurements  about  the 
■ upper  level  cut  the  data  rates  into  these  control  loops  in  half, 

thereby  doubling  the  time  constants  for  these  loops;  however, 
the  loop  responses  are  still  fast  enough  to  satisfy  all  of 
the  requirements  of  the  BEM  application. 
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' 3.3.10  Pseudo  Error  Rate  Control 

The  final  module  to  be  explained  in  the  BEM  functional  diagram 
is  the  constant  pseudo  error  rate  controller  shown  as  a single 
box  in  Figure  3-5  and  shown  in  greater  detail  in  Figure  3-10. 

The  function  of  this  controller  is  to  adjust  the  magnitude  of 
the  offset  threshold  voltage,  a,  as  the  signal  quality  changes 

so  that  a constant  percentage  of  the  X voltage  samples  distrib-  < 

uted  around  the  lower  level  are  above  the  adaptive  pseudo  error  | 

threshold  voltage,  -(2d-a).  | 

The  controller  in  Figure  3-10  determines  how  many  X samples  i 

belong  to  the  lowest  level  by  inverting  the  X > -d  digital  ■ 

signal  to  obtain  a Y = -1  signal  and  using  this  signal  to  enable 
the  2048  counter  which  is  clocked  at  the  Baud  rate  so  that  it 
increments  one  count  every  time  an  X sample  voltage  more  nega- 
tive than  -d  volts  is  obtained.  The  2048  counter  overflows 
when  its  count  reaches  2048  thereby  inputting  a true  signal  into 
flip-flop  1 which  is  clocked  at  the  Baud  rate.  When  the  over- 
flow = true  signal  is  clocked  to  the  output  of  flip-flop  1,  it 
I resets  the  2048  counter  to  zero  and  the  counter  overflow  returns 

I to  false.  Thus,  flip-flop  1 outputs  a single  one  Baud  wide 

true  signal  every  time  2048  lower  level  X samples  are  counted. 

The  reset  signal  to  the  counter  is  not  essential  if  the  ratio  ; 

(2048)  selected  for  input  pulses  versus  output  pulses  is  an  | 

even  power  of  two  because  binary  coiinters  are  available  which, 

when  clocked  one  more  time  after  reaching  the  all  I’s  state,  ] 

will  automatically  output  an  overflow  signal  and  return  to  the  i 

all  zero's  state.  However,  the  presence  of  flip-flop  1 and  the  | 

reset  signal  makes  it  possible  to  reset  the  counter  to  some 

initial  state  other  than  all  zero's  thereby  providing  a wider  j 

choice  in  countdown  ratios.  | 

The  function  of  flip-flop  2 is  to  output  a single  Baud  baud  wide  i 

true  signal  every  time  the  voltage  of  one  of  the  lower  level  X | 

'•»  sanples  is  more  positive  than  the  offset  threshold,  -(2d-a)  volts.  j 

When  X is  one  of  the  lower  level  samples,  the  Y = -1  signal  will  ] 

be  true,  and  when  the  sample  value  is  more  positive  than  the 
offset  threshold,  the  X > -(2d-a)  signal  will  also  be  true; 
therefore,  using  an  AND  gate  to  combine  these  two  signals  and 
clocking  the  AND  gate  output  through  flip-flop  2 with  a Baud 
rate  clock  produces  the  desired  output.  This  signal  is  called 
the  pseudo  error  signal  because  it  indicates  the  presence  of 
unusually  large  eye  pattern  deviations  in  the  direction  which 
would  produce  errors  in  the  VICOM  Tl-4000  receiver  if  the  devi- 
ation anplitudes  were  larger  than  the  true  decision  margin,  d 
‘ volts,  rather  than  merely  larger  than  the  pseudo  decision  margin, 

a volts.  Each  Baud  width  true  signal  clocked  out  of  flip-flop  2 
is  therefore  called  one  pseudo  error. 
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figure  3-10.  CONSTANT  PSEUDO  ERROR  RATE  CONTROL 


i 


The  pseudo  error  feedback  voltage,  a volts,  from  the  D/A  converter 
is  adjusted  automatically  by  the  system  shown  in  Figure  3-10  until 
the  average  rate  at  which  pseudo  errors  are  clocked  out  of  flip- 
flop  2 is  equal  to  the  rate  at  which  overflow  pulses  are  clocked 
out  of  the  2048  counter.  When  neither  an  overflow  pulse  nor  a 
pseudo  error  pulse  appear  at  the  input  of  the  exclusive  OR  gate, 
the  output  of  that  gate  is  false , which  prevents  the  output 
counter  from  counting.  When  a pseudo  error  occurs  without  an 
overflow,  the  exclusive  OR  output  is  true  enabling  the  counter  to 
count  and  the  pseudo  error  true  signal  at  the  counter  up/down  con- 
trol is  positive  so  it  counts  up  by  one  digit  per  pseudo  error. 

An  overflow  pulse  without  a pseudo  error  also  produces  a true  out- 
put out  of  the  exclusive  OR  gate  which  enables  the  output  counter 
to  count;  however,  the  pseudo  error  signal  at  the  counter  up/down 
input  is  false  this  time  so  the  counter  counts  down  by  one  digit 
per  pseudo  error.  If  an  overflow  pulse  and  pseudo  error  pulse 
are  present  at  the  exclusive  OR  gate  inputs  simultaneously,  the 
exclusive  OR  output  is  low  which  inhibits  the  counter  so  that  it 
neither  counts  up  nor  down.  In  this  case,  the  end  result  is  the 
same  as  if  it  had  counted  both  pulses  but  counted  them  in  opposite 
directions  as  it  is  supposed  to  do.  When  using  2048  as  the  over- 
flow number  for  the  Y = -1  counter,  it  is  clear  that  the  count  in 
the  output  counter  will  increase  as  long  as  the  average  rate  of 
pseudo  errors  is  larger  than  one  per  2048  lower  level  samples, 
and  that  the  count  will  decrease  if  the  pseudo  error  rate  is  less 
than  that.  The  most  significant  bits  of  the  output  counter  are 
connected  to  the  D/A  converter  so  that  an  increasing  count  will 
cause  the  D/A  output  voltage  to  increase.  As  the  D/A  output  in- 
creases the  pseudo  error  threshold  increases  thereby  decreasing 
the  pseudo  error  rate.  If  the  pseudo  error  rate  is  less  than 
one  pseudo  error  per  2048  lower  level  samples,  the  output  counter 
will  count  down  thereby  decreasing  the  pseudo  error  margin,  a, 
which  causes  the  pseudo  error  rate  to  increase.  If  the  deviations 
of  the  sampled  values  from  their  nominal  levels  is  normally  dis- 
tributed with  a mean  value  of  zero  and  a standard  deviation  equal 
to  sigma,  then  the  one  per  2048  rate  for  pseudo  error  versus  lower 
level  samples  will  be  obtained  when  the  pseudo  error  margin  is 
equal  to  about  3.3  sigma.  Thus,  for  normally  distributed  errors 
the  pseudo  error  margin,  a,  is  a measure  of  sigma.  The  number  of 
sigma  which  the  pseudo  error  margin,  a,  represents  can  be  altered 
by  changing  the  overflow  level  of  the  lower  level  sample  counter 
from  2048  to  some  other  number. 

3.3.11  "Three-Level  Eye  Pattern"  Found  to  Have  Nine  Levels 

In  the  VICOM  TI-4000  signals  observed  during  BEM  tests,  the  dis- 
persions in  the  eye  pattern  were  not  made  up  of  purely  normally 
distributed  components  but  also  of  strongly  quantized  components 
caused  by  non-ideal  partial  response  filters.  The  filters  pro- 
duced so  much  adjacent  symbol  interference  that  the  eye  pattern 
signal  appeared  to  have  nine  levels  rather  than  three  levels.  The 
six  undesired  levels  occurred  slightly  above  and  slightly  below 
the  three  ideal  levels.  Once  this  departure  from  the  normal 
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distribution  was  identified  and  in.;erted  into  the  math  models  it 
became  demons tratably  possible  to  predict  VICOM  TI-4000  perform- 
ance accurately  from  BEM  pseudo  error  margin  measurements,  a; 
however,  the  means  for  accomplishing  this  are  the  subject  of 
another  subsection  (3.4). 

3.3.12  Baseband  Eye  Mon itor  Adaptability  to  Other  Applications 

The  BEM  uses  two  circuit  boards  from  a VICOM  TI-4000  receiver  so 
that  if  improvements  are  made  in  these  VICOM  receiver  cards  the 
BEM  can  be  updated  to  predict  the  new  improved  performance  by 
replacing  the  old  receiver  cards  with  new  ones.  If  the  new  boards 
are  not  interchangeable  with  the  old  ones,  it  should  still  be 
possible  to  accommodate  the  BEM  to  them  by  making  appropriate 
modifications  to  the  board  connectors  and  associated  wiring. 

During  the  BEM  design  and  fabrication  processes,  the  specialized 
BEM  functions  were  made  as  independent  from  the  conventional 
receiver  boards  as  was  practical  so  as  to  make  the  BEM  adaptable 
for  the  measurement  of  other  communication  eye  patterns. 

In  this  report,  the  BEM  mechanizations  have  been  explained  as 
applied  exclusively  to  jjie  particular  three-level  eye  pattern. 
Also,  only  one  adaptive  thieshold  comparator,  -(2d-a) , is  used  in 
the  present  mechanization.  Using  an  offset  of  amplitude,  a,  six 
possible  locations  for  the  pseudo  error  threshold  were  considered 
both  separately  and  jointly  for  the  present  three- level,  +2d, 
zero,  -2d,  eye  application.  Use  of  pseudo  error  thresholds  at 
+(2d  +a)  and/or  at  -(2d  +a)  was  an  attractive  possibility,  both 
because  it  minimizes  the  sensitivity  the  sampling  phase  errors, 
and  because  the  nominal  data  levels  are  all  on  one  side  (or  all 
on  the  other  side)  of  each  of  these  pseudo  error  thresholds  so 
that  signal  deviations  larger  than  d from  one  level  do  not  look 
like  deviations  smaller  than  d from,  a different  nominal  level. 

Use  of  these  pseudo  error  thresholds  was  rejected  because  anipli- 
tude  clipping  in  the  signal  path  could  clip  off  the  noise  peaks 
which  the  BEM  should  be  measuring  while  leaving  all  of  the  noise 
which  causes  errors  in  received  data.  This,  coupled  with  the 
higher  than  average  tolerance  for  phase  errors,  could  cause  per- 
formance predictions  based  on  +(2d  +a)  and  ~(2d  +a)  pseudo  error 
threshold  measurements  to  be  excessively  optimistic.  Use  of 
pseudo  error  thresholds  at  +a  and/or,  at  -a  was  an  attractive  con- 
cept because  there  are  nominally  twice  as  many  data  samples  at  the 
zero  level  as  at  either  of  the  other  levels;  however,  since  non- 
linear distortion,  signal  clipping,  and  associated  transient 
ringing  could  degrade  response  at  the  outer  levels  without  in- 
creasing dispersion  measurements  made  about  the  center  level,  it 
was  considered  uncautious  to  base  performance  predictions  on  cen- 
ter level  dispersion  measurements  alone.  The  above  arguments 
leave  only  two  pseudo  error  threshold  levels,  +(2d  -a)  and 
-(2d  -a)  as  being  reliable  for  detecting  degradations  from  signal 
clipping  with  and  without  noise.  These  are  the  two  pseudo  error 
thresholds  selected  for  mechanization  in  the  BEM. 
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As  originally  built,  the  BEM  used  two  pseudo  error  detection 
windows;  one  from  +(2d  -a)  to  -*-d  and  the  other  from  -(2d  -a)  to 
-d;  however,  the  MUX  transmitter  had  unequal  duty  cycles  for 
positive  and  negative  pulses  so  that  the  distance  from  the  zero 
level  to  the  upper  level  (nominally  +2d)  was  not  equal  to  the 
distance  from  the  zero  level  to  the  negative  level  (nominally  -2d) . 

At  present,  the  offset  control  adjusts  the  signal  so  that  tlie 
center  level  is  centered  with  respect  to  the  zero  referenced 
comparator,  and  the  gain  control  adjusts  the  eye  pattern  so  that 
the  lower  level  is  centered  with  respect  to  the  -2d  referenced 
comparator.  The  constant  pseudo  error  rate  adaptive  threshold 
-(2d  -a),  measures  upward  perturbations  from  the  lower  level. 

Because  of  the  MUX  transmitter  distortion,  the  upper  eye  pattern 
level  is  not  centered  with  respect  to  the  +2d  comparator  refer- 
ence; however,  pseudo  error  measurements  could  still  be  taken 
around  the  upper  level  if  an  additional  adaptive  loop  were  added 
to  adjust  the  voltage,  2d',  (approximately  equal  to  2d)  until  half 
of  the  upper  level  samples  were  above  +2d'  and  half  were  below. 

Then  the  appropriate  pseudo  error  detection  window  would  extend 

from  +(2d'  -a)  to  d'  or  from  +(2d'  -a')  to  d' , depending  on  whether  i 

the  loop  for  adjusting  the  offset  threshold  a,  were  the  same  as  | 

that  used  for  the  lower  level  offset  threshold,  or  separate.  The  j 

present  implementation  saves  hardware  by  measuring  pseudo  errors  | 

only  around  the  lower  level;  however,  it  can  be  used  to  measure  I 

dispersion  about  the  upper  level  instead  by  the  simple  expedient  | 

of  inverting  the  signal  prior  to  applying  it  to  the  BEM  input. 

The  per  sample  pseudo  error  rate  (ratio  of  pseudo  errors  detected 
on  one  side  of  level  per  sample  observed  at  that  level)  was  chosen 
to  correspond  to  approximately  the  three  sigma  point  on  the 
Gaussian  (normally  distributed)  probability  function.  The  pseudo 
error  rate,  and  hence,  the  measured  point  on  the  Normal  curve,  may 
be  changed  by  changing  the  countdown  ratio.  Ideally,  more  than 
one  pseudo  error  threshold  would  be  used  per  level  so  that  more 
than  one  point  on  the  Normal  curve  could  be  measured  simultaneously. 

This  would  be  helpful  in  determining  whether  the  errors  are  actually 
normally  distributed  or  not.  Unfortunately,  space  and  power  supply 
limitations  made  it  impractical  to  include  this  dual  threshold 
feature  in  the  existing  BEM.  A less  desirable  but  cheaper  alter- 
native for  testing  the  shape  of  the  error  distribution  would  be  to 
use  a single  pseudo  error  threshold  as  is  presently  used,  but  to 
make  the  pseudo  error  rate  adjustable  by  computer  command  rather 
than  fixed  as  it  is  presently. 

The  BEM  implementation  techniques  presented  here  have  been  ex- 
plained solely  with  respect  to  the  present  three-level  eye  multi- 
plexer application;  however,  the  techniques  can  clearly  be  adapted 
to  apply  to  two-,  four-,  five-,  six-,  ...  level  eyes  found  in  other 
communication  systems  such  as  the  seven-level  eye  pattern  test 

point  provided  by  the  AN/USC-26  modem  for  monitoring  purposes.  .■ 
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To  adapt  the  present  BEM  hardware  to  allow  monitoring  and  BER 
determination  of  a system  utilizing  the  AN/USC-26  modem,  certain 
circuit  changes  would  be  required.  The  GDM  D/A  diagnostic  output 
would  be  the  monitor  point  to  wliich  the  BEM  would  be  connected. 

The  clock  generated  in  the  GDM  would  be  used  in  place  of  the 
Baud  timing  recovery  circuits  in  the  BEM.  Also,  the  phase  cor- 
rection loop  circuits  in  the  Bi.M  could  be  disabled  because  the 
sampling  time  is  not  as  critical  wii;!  the  square  wave  appearing 
eye  pattern  of  the  GDM.  When  the  GDM  is  operating  in  the  three 
level  mode,  the  pseudo  error  rate  sampling  window  (+{2d-a)  to  +d) 
circuits  would  remain  substantially  the  same.  However,  when  the 
GDM  operates  in  the  seven  level  mode,  this  samjjling  window  and 
associated  circuits  would  change.  In  the  seven  level  eye  pattern, 
two  levels  fall  between  the  zero  level  and  both  the  upper  and 
lower  outer  levels.  One  location  for  the  sampling  window  would 
be  in  a zone  defined  by  + (Li-a)  and  +Li/2.  Where  Lq  is  the  first 
positive  voltage  level  above  zero  and  Li/2  is  the  decision  thresh- 
old voltage  for  the  first  level;  "a"  as  before  is  the  measure  of 
dispersion.  This  mechanization  would  make  maximum  use  of  the 
BEM  circuits  with  nrinimum  ch£mge  since  this  dispersion  meter 
would  be  treating  the  first  positive  level  of  the  seven  level 
GDM  eye  as  the  present  BEM  dispersion  meter  uses  the  upper  level 
in  the  three  level  e^e.  The  circuits  in  the  BEM  which  now  regu- 
late the  "2d"  (upper  level)  voltage  could  also  be  disabled  since 
the  GDM  measures  and  regulates  the  first  level  voltage  indepen- 
dent of  noise  content  as  Uie  BEM  regulates  the  "2d"  level. 

The  software  to  implement  such  a modified  BEM  would  be  of  the 
same  type,  and  the  data  base  tables  relating  the  measured  dis- 
persion voltage  to  BER  would  have  to  be  developed  in  the  same 
manner  as  presently  used. 


3.4  PERFORMANCE  PREDICTION  FROM  BASEBAND  EYE  PATTERN  MONITOR 
MEASUREMENTS 

3.4.1  Introduction 


3. 4. 1.1  Need  for  Sensitive  Degradation  Detection 

The  BEM  (baseband  eye  pattern  monitor)  is  a device  for  measuring 
degradation  of  signal  quality  in  digital  communication  links. 

When  gradual  degradation  of  signal  quality  occurs  in  an  analog 
communication  link  such  as  an  ordinary  telephone  voice  channel, 
this  degradation  is  observable  in  the  quality  of  the  analog  out- 
put signal  when  it  is  still  20  or  30  dB  below  the  level  at  which 
it  renders  the  channel  unusable.  However,  when  the  same  channel 
is  used  for  digital  data  transmission,  the  channel  noise  and  dis- 
tortion components  are  intentionally  stripped  off  of  the  digital 
signals  before  they  are  outputted  from  the  receiver;  therefore, 
low  levels  of  channel  distortion  are  not  readily  detectable  by 
observing  the  output  signals  of  digital  receivers.  Deterioration 
in  the  quality  of  output  digital  signals  may  be  unobservable  when 
the  channel  deterioration  is  only  a few  dB  away  from  the  level  at 
which  the  quality  of  the  digital  output  signals  becomes  unaccept- 
ably degraded.  Thus,  when  channel  conditions  degrade  gradually, 
the  quality  of  received  analog  signals  also  degrades  gradually; 
however,  the  quality  of  received  digital  signals  continues  to 
show  no  apparent  degradation  for  a long  time  and  then  changes 
rapidly  to  such  a highly  degraded  condition  that  the  received  sig- 
nal is  unusable.  It  often  appears  that  analog  channels  degrade 
gradually  while  digital  chanels  fail  suddenly  with  little  or  no 
warning.  The  function  of  the  BEM  is  to  provide  warning  of  im- 
pending failure  in  digital  communication  links  prior  to  the  point 
where  the  deterioration  is  observable  by  close  scrutiny  of  the 
digital  output  signal  and  to  continue  measuring  channel  degrada- 
tion up  to  levels  at  which  the  digital  output  becomes  unusable. 

3. 4. 1.2  General  Principle  of  BEM  Operation 

The  BEM  monitors  signal  quality  by  measuring  the  amount  of  noise 
which  is  superimposed  on  top  of  the  desired  digital  signal.  For 
the  VICOM  TI-4000  series  multiplexer,  a three-level  partial  res- 
ponse PAM  (Pulse  Amplitude  Modulation)  signal  format  is  used; 
therefore,  at  the  times  that  the  received  signal  is  sampled  to 
obtain  the  transmitted  digital  information,  the  received  signal 
should  be  at  one  of  three  specific  voltage  levels.  If  the  data 
transmission  system  is  running  perfectly  with  no  noise,  the  re- 
ceived signal  will  be  precisely  equal  to  one  of  these  three 
voltage  levels  at  each  sampling  time.  A small  amount  of  distor- 
tion or  additive  noise  in  the  channel  will  cause  the  received 
voltages  to  vary  slightly  from  their  ideal  values.  As  the  ampli- 
tude of  the  noise  or  distortion  increases,  this  variation  also 
increases.  The  BEK  is  designed  to  make  precise  measurements  of 
these  undesired  voltage  variations  in  VICOM  TI-4000  multiplexer 
links.  The  hardware  mechanizations  of  the  various  control  loops 
employed  by  the  BEM  in  making  these  precision  measurements  have 
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been  described  previously.  The  following  sections  explain  how 
system  bit  error  rate  can  be  preujcted  from  BEM  measurements. 

The  word  "predicted"  is  appropriate  because  error  rates  of  one 
error  per  minute,  hour,  day,  or  year  can  be  predicted  using  sys- 
tems in  the  BEM  which  have  time  constants  in  the  order  of  one 
second.  Obviously,  it  is  impossible  to  measure  bit  error  rates 
in  the  order  of  one  error  per  hour  by  counting  the  number  of 
errors  made  within  a few  seconds;  therefore,  to  obtain  informa- 
tion relating  to  such  low  error  rates  within  a few  seconds  of 
time,  the  error  rates  must  be  predicted  rather  than  measured 
directly. 

3. 4. 1.3  Preview  of  Following  Sections 

The  mathematical  tools  and  techniques  for  predicting  digital 
system  performance  from  BEM  outputs  evolved  gradually  over  a 
period  of  about  a year  and  a half.  As  would  be  expected,  the 
initial  math  model  is  the  simplest  one  and  each  time  a new  factor 
is  identified  and  included  in  the  math  model  to  improve  the  pre- 
diction accuracy,  the  math  laodel  becomes  more  complex.  In  order 
to  lead  the  reader  graducilly  from  the  simple  to  complex  and  to 
build  a sense  of  history,  the  material  in  this  report  is  arranged 
in  approximately  historical  order. 

Paragraph  3.4.2  presents  analyses  assuming  that  an  ideal  three- 
level  partial  response  eye  pactern  is  used.  When  samples  of  the 
VICOM  TI-4000  series  multiplexer  boards  were  received  and  tested, 
it  was  discovered  that  the  actual  eye  pattern,  instead  of  having 
three  precise  levels  as  intended,  had  three  broad  levels.  On 
closer  examination  it  became  apparent  that  each  of  these  three 
broad  levels  consisted  of  three  smaller  levels  so  that  the  total 
result  was  a nine-level  eye  rather  than  a three-level  eye  as 
intended.  The  cause  of  this  distortion  of  three  levels  into  nine 
was  determined  and  included  in  the  nine-level  eye  math  model  used 
in  the  analyses  presented  in  Paragraph  3.4.3.  Paragraph  3.4.4 
describes  a set  of  interlocking  computer  programs  which  were 
written  to  produce  performance  prediction  tables  for  the  nine- 
level  eye  math  model  disclosed  in  Paragraph  3.4.3.  As  would  be 
expected,  the  VICOM  TI-4000  multiplexers  had  other  imperfections 
in  addition  to  the  nine-level  eye  effect.  Paragraph  3.4.5  des- 
cribes laboratory  experiments  performed  to  isolate  and  identify 
the  most  significant  of  these  effects.  Paragraph  3.4.6  presents 
a procedure  for  identifying  the  magnitudes  of  the  more  significant 
multiplexer  deficiencies  and  including  them  in  the  math  models  so 
that  the  performance  prediction  tables  can  be  adjusted  to  produce 
accurate  predicitons  based  on  theoretically  sound  corrections. 
Paragraph  3.4.7  presents  the  results  of  actual  experience  in  pre- 
paring performance  prediction  tables  in  the  field  using  the 
theoretical  tables  and  theoretical  corrections  as  a guide.  These 
field  techniques  greatly  reduce  the  amount  of  work  required  to 
produce  actual  prediction  tables  from  theoretical  ones  while  ob- 
taining the  same  prediction  accuracy  which  the  more  complicated 
correction  procedures  produced.  Design  analysis  and  testing  of 
the  hit  counter  was  performed  concurrently  with  the  work  outlined 


above;  however,  discussion  of  this  work  is  presented  separately 
in  consolidated  form  in  Paragraph  3.4.8  in  Section  8 to  make  the 
explanations  easier  to  locate  and  follow. 

3.4.2  BEM  Analyses  Assuming  a Three-Level  Partial  Response  Eye 
3. 4. 2.1  Definitions 

The  classical  partial  response  three-level  eye  pattern  is  shown 
in  Figure  3-11.  This  figure  represents  the  pattern  which  would 
be  obtained  on  the  face  of  an  oscilloscope  if  the  analog  eye  pat- 
tern voltage  were  connected  to  the  vertical  inputs  and  the  hori- 
zontal time  base  were  synchronized  with  Baud  timing  so  that  each 
sweep  would  start  with  the  same  Baud  timing  phase.  If  the  sweep 
time  were  adjusted  to  cover  several  Baud  periods,  then  the  proper 
sampling  times  would  become  apparent  as  they  are  in  the  figure. 

At  the  proper  sampling  times,  the  analog  voltage  is  equal  to  one 
of  three  values;  2d,  0 or  -2d  volts.  These  three  voltage  levels, 
and  five  additional  levels,  making  eight  voltage  levels  in  all, 
are  shown  in  Figure  3-11.  By  using  eight  voltage  comparators, 
with  these  eight  voltage  levels  as  references,  it  is  possible  to 
determine  whether  the  voltage  was  above  or  below  each  of  these 
eight  levels  at  each  sampling  time.  Two  of  these  levels,  the 
upper  and  lower  offset  thresholds,  are  adjustable  by  changing  the 
value  of  the  offset  voltage,  a.  The  level  Kd  is  determined  by 
selecting  the  constant  K as  explained  in  Paragraph  3.4.8.  For  the 
purposes  of  the  present  discussions,  the  level  Kd  can  be  ignored. 
The  other  five  levels  are  constant. 

Several  detailed  analyses  for  this  eye  pattern  have  been 
reported  in  Appendix  A of  the  ATEC  Digital  Adaptation  Study, 
RADC-TR-76-302 . For  the  reader's  convenience,  that  appendix  has 
been  revised  to  make  it  consistent  with  the  present  nomenclature 
and  is  included  in  the  present  report  in  Paragraph  3.2.  In  this 
appendix  and  in  all  of  the  mathematical  analyses  up  to  and  includ- 
ing the  writing  of  the  computer  programs,  it  was  assumed  that  two 
zones  would  be  used  for  counting  pseudo  errors.  The  upper  pseudo 
error  zone  extends  from  d to  (2d-a)  volts,  and  the  lower  pseudo 
error  zone  extends  from  -d  to  -(2d-a)  volts.  For  the  math  models 
used  in  the  mathematical  analyses  and  computer  programming,  the 
pseudo  error  rates  for  the  upper  and  lower  zones  are  equal;  there- 
fore, the  total  error  rate  for  the  two  zones  is  equal  to  twice 
the  pseudo  error  rate  for  either  of  the  single  zones.  The  VICOM 
eye  pattern  used  during  laboratory  testing  was  found  to  be  so 
asymmetrical  that  it  was  necessary  either  to  use  a single  pseudo 
error  zone  on  one  side  of  the  signal,  ignoring  the  other  side,  or 
to  provide  the  hardware  with  additional  degrees  of  freedom  and 
control  loops  so  that  both  sides  of  the  signal  could  be  tracked 
separately.  Because  of  power,  size,  and  schedule  constraints,  it 
was  decided  to  use  only  a single  pseudo  error  zone.  Most  of  the 
mathematical  analyses  and  computer  programs  had  been  finished  at 
the  time  that  the  asymmetry  was  discovered;  therefore,  all  pseudo 
error  rates  in  these  documents  are  expressed  as  two  zone  or  "two 
sided"  pseudo  error  rates  unless  otherwise  specified.  Interpret- 
ing results  stated  in  terms  of  the  two-zone  pseudo  error  rate 


56 


definition  will  cause  no  hardship  as  long  as  it  is  remembered 
that  the  single-sided  pseudo  error  rate  is  equal  to  half  of  the 
two-sided  pseudo  error  rate.  In  this  report  the  number  1 or  2 
will  follow  the  letters  PER  to  designate  whether  a one-sided  or 
two-sided  pseudo  error  rate  is  intended.  When  old  work  is  repro- 
duced, the  letters  PER  may  appear  without  the  number  1 or  2 fol- 
lowing, in  which  case,  it  is  the  two-sided  error  rate  which  is 
being  referred  to.  These  and  some  other  useful  definitions  are 
listed  below: 

PERI  5 the  one-sided  pseudo  error  rate. 

PER2  E the  two-sided  pseudo  error  rate  = 2 x PERI. 

PER  E PER2  unless  specifically  stated  to  the  contrary. 

BER  E the  Baud  error  rate  = the  bit  error  rate  for  this  one- 
bit-per-Baud  eye  pattern. 

P[A]  E the  probability  that  A is  true. 

P[A  1b]  e conditional  probability  of  A given  that  B is  true. 

P[A,B]  E joint  probability  that  A and  B are  both  true. 

2 

S E signal  power  in  eye  pattern. 

2 

N E noise  power  in  eye  pattern. 

e E a normally  distributed  random  variable  with  mean  = 0 and 
variance  = N^. 

z E a normally  distributed  random  variable  with  mean  = 0 and 
variance  = 1. 

Q(x)  E P [z>x I z~N ( 0 , 1) ] which  is  to  be  read  as  "the  probability 
z is  greater  than  x,  given  that  z is  a normally  dis- 
tributed random  variable  with  mean  equal  to  zero  and 
variance  equal  to  one." 

Q ^ (p)  E [x[Q(x)=p]  which  is  read  as  "Q  inverse  of  p is  defined 
as  equal  to  the  value  of  x for  which  Q of  x equal  to 
P." 

Q' (x)  E ^ Q{x)  which  is  equal  to  minus  the  density  function 

of  the  N(0,1)  distribution  at  point  where  the  random 
variable  is  equal  to  x. 

3. 4. 2. 2 Signal-To-Noise  Ratio  Computation 

It  was  stated  near  the  close  of  Paragraph  3.2.3  that  there  is  a 
specific  relationship  between  the  amplitude  of  d and  the  signal 
power.  That  relationship  will  be  derived  here.  The  average  sig- 
nal power  is  equal  to  the  probability  that  it  is  at  the  upper  level 
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times  the  power  at  that  level,  plus  the  probability  that  it  is  at 
the  center  level  times  the  power  at  that  level,  plus  the  probabil- 
ity that  it  is  at  the  lower  level  times  the  power  at  that  level 
as  given  below. 

= P [L=2d]  [POWER] L=2d] 

+P  [L=0]  [POWER|L=0]  (25) 

+P  [L=-2d]  [POWER] L=-2d] 

Since  the  power  at  any  particular  level  is  equal  to  the  voltage  at 
that  level  squared  and  the  probabilities  of  the  upper,  center,  and 
lower  levels  are  1/4,  1/2,  and  1/4  respectively,  the  above  equa- 
tion can  be  rewritten  as  below. 

= 1/4  (2d)^  + 1/2  (0)^  + 1/4  (-2d)^  = 2d^  (26) 

The  signal-to-noise  ratio,  then,  is  simply  equal  to  the  signal 
power  divided  by  the  noise  power  as  shown  below. 

S^/14^  = 2(d/N)  (27) 

Using  this  relationship,  the  signal-to-noise  ratio  in  decibels, 
dB,  can  be  obtained  directly  from  the  d/N  ratio. 

SNR  E 10  LOGj^q  (S^/N^)  dB  = [3.0103  + 20  LOG^q  (d/N)]  dB  (28) 
3. 4. 2. 3 Baud  Error  Rate  Computation 

In  general,  SNR  is  more  convenient  for  empirical  investigations, 
and  d/N  is  more  convenient  for  statistical  analyses.  For  in- 
stance, the  Baud  error  rate  can  be  readily  derived  in  terms  of 
d/N.  A Baud  error  occurs  whenever  the  amplitude  of  the  random 
noise  fluctuation,  epsilon,  causes  the  transmitted  signal  in- 
tended for  one  level  to  be  misinterpreted  as  belonging  to  a 
different  level.  The  values  of  epsilon  which  will  cause  errors 
are  different  for  the  three  different  levels;  therefore,  they 
will  be  calculated  separately  and  summed  together  as  was  done  for 
the  power  calculations  using  the  following  relationship. 

BER  = P[L=2d]  P [ERROR]L=2d] 

+P  [L=0]  P [ERROR]L=0]  (29) 

+P  [L=-2d]  P [ERROR] L=-2d] 

If  an  upper  level  is  transmitted  and  epsilon  is  more  negative  than 
-d,  the  received  symbol  will  be  interpreted  as  a center  or  lower 
level;  hence,  values  of  epsilon  more  negative  than  -d  will  cause 
errors.  There  is  no  level  above  the  upper  level;  therefore,  posi- 
tive values  of  epsilon  are  not  harmful.  The  probability  of  error, 
given  that  an  upper  level  was  transmitted,  is  equal  to  the  prob- 
ability that  the  value  of  epsilon  will  be  less  than  -d. 
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(30) 


P[ERROR|L=2d]  = P[e<-d]  = P[e>+d] 

The  probability  of  the  value  of  epsilon  being  less  than  -d  is 
equal  to  the  probability  of  its  being  more  than  +d  because  the 
distribution  of  epsilon  is  symmetrical  about  0.  Dividing  both 
sides  of  the  inequality  by  the  positive  definite  constant  N does 
not  alter  the  validity  of  the  inequality. 

P[ERROR|L=2d]  = P[e/N  > d/N]  (31) 

Since  epsilon  by  definition  is  normally  distributed  with  a mean 
equal  to  0 and  a variance  equal  to  N^,  dividing  epsilon  by  N 
produces  a random  variable  which  is  normally  distributed  with  a 
mean  of  0 and  a variance  of  1 . 


PiERROR|L=2d]  = P[z  >d/N | z~N ( 0 , 1) ] (32) 

This  probability  by  definition  is  equal  to  Q(d/N) . 

P[ERROR|L=2d]  = Q(d/N)  (33) 

The  probability  of  error  given  that  a lower  level  signal  is  trans- 
mitted is  equal  to  the  probability  that  the  value  of  epsilon  will 
be  sufficiently  large  in  the  positive  direction  to  cause  the 
signal  to  be  misinterpreted  as  a 0 or  upper  level  symbol.  This 
will  happen  if  the  error  voltage  epsilon  is  larger  than  d. 

P[ERROR|L=-2d]  = P(e>+d]  (34) 

Since  the  right  hand  side  of  Equation  34  looks  like  that  of 
Equation  30,  it  is  obvious  that  it  is  also  equal  to  the  right 
hand  side  of  Equation  33. 

P[ERROR|L=-2d]  = Q(d/N)  (35) 

If  a center  level  signal  is  transmitted,  there  are  two  ways  in 
which  an  error  can  be  made  in  the  receiver.  If  the  error  voltage, 
epsilon,  is  more  positive  than  d,  the  received  signal  will  be  in- 
terpreted as  an  upper  level  symbol  and  if  it  is  more  negative  than 
-d,  it  will  be  interpreted  as  a lower  level  symbol. 

P[ERROR|l=0]  = P[c>dl  + P [e<-d]  (36) 

This  is  obviously  equal  to  the  sum  of  Equations  30  and  34. 

P[ERROR|L=0]  = 2(3  (d/N)  (37) 

Substituting  Equations  33,  35  and  37  into  Equation  29  and  remem- 
bering the  probabilities  of  the  upper,  center,  and  lower  levels 
are  1/4,  1/2,  and  1/4  respectively,  the  following  result. 

BER  = (l/4)Q(d/N)+(l/2)2Q(d/N)+(l/4)Q(d/N)  (38) 
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Combining  terms,  the  desired  result  can  now  be  obtained  in  an 
elegantly  simple  form. 

BER  = (3/2)Q(d/N)  (39) 

An  equivalent  formula  for  bit  emjr  r^ite  was  given  in  Equation  2, 
Paragraph  3.2.1  of  this  section,  out  the  derivation  was  not  shown 
and  it.  was  expressed  in  terms  of  signal-to-noise  ratio  and  a 
variable  number  of  levels  so  it  has  a more  complicated  appearance. 
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3. 4. 2. 4 


Pseudo  Error  Rate  Equation 


The  pseudo  error  rate  for  the  three-level  eye  was  derived  in 
Paragraph  3.2.3  with  the  results  for  the  one-sided  and  two-sided 
solutions  being  stated  in  Equations  31  and  32  respectively.  The 
one-sided  solution  is  presented  below  for  convenience. 


PERI  = (1/4)  {Q(a/N)+Q(d/N)-2Q  [(2d-a)/N] 
+Q(3d/N)-Q[{4d-a)/N]} 


(40) 


3. 4. 2. 5 Computation  of  Dispersion  Amplitude 

Using  Equations  39  and  40,  it  is  possible  to  compute  the  disper- 
sion, a/d,  for  a fixed  pseudo  error  rate,  PERI,  for  a given  noise 
level,  N/d,  or  a given  bit  error  rate,  BER.  Examples  of  these 
relationships  are  shown  in  Figure  3-4  and  3-12.  Equation  40 
could  not  be  solved  explicitly  for  dispersion;  therefore,  it  was 
solved  iteratively  by  hand  calculations  at  first,  and  later  by 
computer.  When  solving  these  equations  it  is  convenient  to  ex- 
press Equation  40  in  terms  of  three  variables:  pseudo  error 
rate,  PERI;  dispersion,  a/d;  and  decision  level  to  noise  ratio, 
d/N. 


PERI 


(1/4)  {Q[ (a/d) (d/N)]  + Q(d/N)-20[2(d/N)-(a/d) (d/N)) 
+Q  [3  (d/N)  - Q [4 (d/N) -(a/d)  (d/N)]} 


(41) 


VJhen  solving  for  dispersion  iteratively,  either  by  hand  or  by 
machine,  it  is  convenient  to  have  the  partial  derivative  of  the 
pseudo  error  rate  with  respect  to  dispersion.  This  relationship 
may  be  determined  by  inspection  from  Equation  41. 


9 PERI/ 3 (a/d) 


(1/4) {Q* [ (a/d) (d/N) ] + 2Q' [2 (d/N) -(a/d) (d/N) ] 

(42) 


+Q'  [4 (d/N) - (a/d)  (d/N) ] } (d/N) 


The  BEM  has  an  automatic  gain  control  system  to  keep  the  ampli- 
tude of  d constant;  therefore,  PERI  in  Equations  41  and  42  is  a 
function  of  only  two  variables,  a and  N.  Thus,  if  the  pseudo 
error  rate,  PERI,  is  held  constant,  the  magnitude  of  a is  depen- 
dent on  only  one  variable,  N.  Thus,  the  amplitude  of  a can  be 
used  as  a measure  of  the  noise  amplitude,  N. 

3. 4. 2. 6 Pseudo  Error  Rate  Loop  Analysis 

« block  diagram  of  the  control  loop  for  holding  the  pseudo  error 
rate  constant  is  shown  in  Figure  3-13.  The  three  parameters  which 
affect  the  loop  are  shown  entering  at  the  left  hand  side  of 
Figure  3-13.  These  three  parameters  are  the  Baud  rate,  B,  the  rms 
noise  level,  N,  and  the  signal  level,  d.  For  the  system  presently 
under  study,  the  Baud  rate,  B,  is  equal  to  12,552,600  Baud/sec. 

The  signal  level,  d,  is  held  constant  by  an  AGC  system.  Thus,  the 
only  variable  entering  the  pseudo  error  rate  control  loop  is  the 
rms  level  of  the  noise,  N. 
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FIGURE  3-13  . PSEUDO  ERROR  RATE  CONTROL  LOOP 
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In  order  to  keep  the  amplitude  of  the  output,  a,  dependent  upon 
only  one  variable,  N,  the  control  loop  in  Figure  3-13  must  keep 
the  pseudo  error  rate,  PERl,  constanL..  The  summing  device  is  an 
up-down  counter  in  which  pulses  into  the  lower  input  cause  it  to 
count  up,  pulses  into  the  upper  input  cause  it  to  count  down, 
and  simultaneous  pulses  into  both  inputs  cause  it  to  do  nothing. 
The  lower  input  into  the  summing  device  is  the  output  of  the 
pseudo  error  detector  which  transmits  one  pulse  for  each  pseudo 
error.  The  average  number  of  pseudo  error  pulses  transmitted  per 
second  is  equal  to  the  Baud  rate,  B,  times  the  pseudo  error  pro- 
bability per  Baud,  PERI.  The  upper  input  to  the  summing  device 
is  obtained  by  dividing  the  output  of  a lower  level  detector  by 
2048.  The  reason  for  using  the  lower  level  detector  is  that  the 
pseudo  error  detector  in  this  system  looks  for  pseudo  errors  only 
around  the  lower  level.  When  the  probability  of  receive  bauds 
being  at  the  lower  level  is  1/4,  the  lower  level  detector  can  be 
replaced  by  a divide  by  4 counter.  Normal  data  patterns  are  suf- 
ficiently random  that  a lower  level  probability  will  be  1/4;  how- 
ever, the  lower  level  detector  is  used  in  preference  to  a divide 
by  4 counter  in  order  to  keep  the  ratio  of  pseudo  errors  made  per 
Baud  tested  constant  even  in  the  presence  of  special  test  pat- 
terns. For  normal  data  patterns,  the  average  rate  out  of  the 
lower  level  detector  is  equal  to  1/4  the  Baud  rate,  B/4 , so  that 
the  average  rate  out  of  the  divide  by  2048  counter  is  B/8192. 

The  average  rate  of  the  error  signal,  e,  out  of  the  summing  de- 
vice is  equal  to  the  difference  between  the  rates  of  the  lower 
and  upper  inputs. 

e = B X PERI  -B/8192  (43) 

Assuming  that  the  control  loop  drives  the  error  signal,  e,  to 
zero,  and  that  the  baud  rate,  B,  is  not  equal  to  zero,  the  pseudo 
error  rate  can  be  determined  from  Equation  43. 

PERI  = 1/8192  given  e=0 , B/0  (44) 

The  pseudo  error  rate  can  be  readily  adjusted  by  changing  the 
count  down  ratio  in  the  2048  counter. 

For  computation  of  the  dynamics  of  the  pseudo  error  rate  control 
loop,  the  equations  will  be  simplified  by  defining  two  new  vari- 
ables, A and  D,  to  replace  the  three  variables,  a,  d,  and  N. 


Define 

A 

= a/d 

(45) 

and 

D 

= d/N 

(46) 

where 

d 

= a system  constant 

(47) 

An  equation  for  the  pseudo  error  rate  in  terms  of  these  two  nev> 
variables  may  be  obtained  by  substituting  Equations  45  and  46 
into  Equation  41. 
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W 


PERI 


(1/4)  {Q(AD)+Q(D)-2Q[  (2-A)D] 
+Q(3D) -Q[ (4-A)D] } 


(48) 


Given  the  magnitude  of  the  pseudo  error  rate,  PERi,  and  the  data 
to  noise  ratio  indicator,  D,  there  is  only  one  value  of  disper- 
sion, A,  which  will  satisfy  Equation  48.  The  value  of  A which 
satisfies  Equation  48  for  a given  value  of  D when  PERI  is  equal 
to  1/8192  will  be  defined  as  Aj^  for  convenience. 

Ajj  5 [a|pER1(A,D)  = 1/8192]  (49) 

To  determine  the  value  of  dispersion,  A^,  which  satisfies  Equa- 
tion 49  for  a given  value  of  D,  Equation  48  is  solved  iteratively, 
using  the  given  value  for  D,  and  sequential  estimates  of  the  value 
Aq  in  the  place  of  A until  the  desired  value  for  the  pseudo  error 
rate  PERI  is  obtained.  The  rate  of  convergence  of  the  sequential 
estimation  process  can  be  improved  by  using  a partial  derivative 
of  the  pseudo  error  rate  with  respect  to  dispersion  in  a Newton 
Raphson  iterative  solution  process.  The  required  partial  deriva- 
tive may  be  obtained  by  inspection  of  Equation  48. 

8PER1/3A  = (D/4) {Q' (AD)+2Q' [ {2-A)D]  +Q ' [(4-A)D]}  (50) 

Using  the  information  given  above  and  in  the  block  diagram, 

Figure  3-13,  it  is  also  possible  to  determine  the  time  constant 
of  the  pseudo  error  rate  control  loop.  Since  the  D/A  converter 
full  scale  voltage  is  equal  to  d volts,  the  scale  factor  for  the 
12  bit  up/down  counter  and  the  converter  is  [2d/(2l2-i) ] volts  per 
count.  When  the  average  amplitude  of  the  loop  error  signal  is 
represented  by  e,  the  net  difference  in  counts  per  second  between 
the  lower  and  upper  inputs  to  the  summing  point,  then  clearly  e/4 
counts  per  second  are  applied  to  the  12-bit  counter  so  that  the 
output  voltage,  a,  from  the  D/A  converter  changes  at  an  average 
rate  of  (e/4)  [d/{2^^-l)]  volts  per  second. 

A = e d/{4  (2’-2-1)  } (51) 

Using  the  relationship  in  Equation  45,  and  recalling  that  d is  a 
constant.  Equation  51  may  be  put  into  a simpler  form 

A = S/d=e/{4 (2^^-l) } (52) 

The  gains  around  the  pseudo  error  rate  control  loop  have  now  been 
computed  from  the  location  of  the  summing  point  error  signal,  e, 
to  the  pseudo  error  detector  dispersion  input,  A.  To  complete  the 
expression  for  the  loop  gain  it  is  now  necessary  to  determine  the 
jain  from  the  location  of  A to  that  of  e.  The  expression  for  the 
ur.pl  itude  of  e in  terms  of  A is  given  in  Equation  43  in  which  the 
* rm  PERI  is  a function  of  A and  D as  given  in  Equation  48.  The 
■ -itionship  between  e and  A is  nonlinear  in  A and  is  also  a 
r on  of  D. 
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It  is  assiamed  that  the  noise  level  changes  so  slowly  relative 
to  the  pseudo  error  loop  time  constant  that  D can  be  treated  as 
a constant.  To  facilitate  analysis  of  the  loop  response  for  small 
excursions  of  A about  the  steady  state  value  A_  a new  term,  AA,  is 
defined  such  that 


A = Ajj+AA  (53) 

Equation  43  can  be  rewritten  explicitly  showing  the  dependency 
of  PERI  on  the  values  of  A and  D, 

e = B[PER1(A,D)  - (1/8192)]  (54) 

Assuming  that  AA  is  small, 


PERI  (A, D)  « PERI  (Aj^,D) +AA 


[ PERI  I A=Ap , D=CONST ] 


From  Equation  49, 


(55) 


PERl(Ajj,D)  = 1/8192  (56) 

Substituting  Equations  56  and  50  into  55  yields  the  following 
result. 


PERI  (A, D)  a (l/8192)+AA(D/4)  {Q*  (Aj^  D) 
+2Q’  [2-Ajj)D]+Q’  [ (4-Ajj)D]  } 
Substituting  Equation  57  into  54  gives 
e = AA  {Q'  (Ap  D)+2Q'  [ (2-Aj^)D] 

+Q'  [ (4-Ajj)D]  } 


(57) 


(58) 


Recall  that  D is  assumed  to  be  constant  so  that  A^^  is  constant  so 
^ A = ^ (Aq+AA)  = ^ (AA)  (59) 

Substituting  Equation  59  into  Equation  52,  produces  Equation  35 

dt  ~ ^ f 12  1 

L4(2-^^-1)J 


(60) 


Finally,  substituting  Equation  58  into  59  gives  the  rate  of 
correction  for  a dispersion  error,  AA. 


at 


(AA)  = (AA)  ^ {Q*  (Ar,  D)  + 2Q'  [(2-A^)D] 


(61) 
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The  above  result  is  recognized  as  belonging  to  the  class  of 
differential  equations  obtainable  from  the  response  below. 


X = e 
o 


-(t/T) 


(62) 


Where  T = the  system  time  constant,  and  x = the  value  of  x 


when  t=0. 


The  relationship  between  Equations  61  and  62  can  be  made  more 
obvious  by  performing  the  following  operations. 


Differentiating  both  sides  of  Equation  62  with  respect  to  time, 
t,  gives  Equation  63 


i = =1  X 
A T *o  ^ 


(63) 


Next,  Equation  62  is  substituted  into  Equation  63, 

* = (4)  ^ 


(64) 


Note  that  the  factor  multiplied  by  AA  in  Equation  61  corresponds 
to  (-1/T)  in  Equation  63.  Equating  these  two  factors  and  solving 
for  T gives  the  following  expression  for  the  time  constant  of  the 
pseudo  error  rate  control  loop. 


-4 


T = {Q'(AgD)  +2Q'  [(2-Ag)D] 


(65) 


+Q’  [(4-Ag)D]}"^  4(2^^-l) 


When  the  noise  is  not  zero;  N,  a,  d,  A,  and  D are  positive  defi- 
nite; all  of  the  Q{  ) 's  are  positive  definite;  and  all  of  the 
Q' ( ) 's  are  negative  definite.  The  Baud  rate,  B,  is  also  positive 
definite.  The  negative  sign  on  the  right  hand  sign  of  Equation  61 
cancels  the  negative  signs  of  the  Q' ( ) 's;  therefore,  the  time 
constant  of  the  loop  is  positive  definite  which  guarantees  that 
the  loop  will  be  stable. 
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Table  3-?  has  been  prepared  to  show  the  range  over  which  the  loop 
time  constant  varies  for  a selection  of  BER  values  which  ade- 
quately covers  the  range  over  which  the  BEM  is  intended  to 
operate.  The  results  in  this  table  were  computed  first  by  hand 
and  then  by  computer  to  check  the  series  of  computer  programs  to 
be  described  later.  Each  row  starts  with  an  assumed  value  for 
the  Baud  error  rate,  BER.  Substituting  Equation  46  into  39  gives 

BER  = (3/2Q(D)  (66) 


Rearranging  terms. 


Q(D)  = (2/3)BER 


(67) 


TABLE  3-2.  LOOP  TIME  CONSTANT  VERSUS  BER  COMPUTED 
FOR  LOOP  CONSTANTS  SHOWN  IN  FIGURE  3-13 


BER 

(Error/Baud) 

D 

T 

(Sec 

l.OxlO"^ 

3.2087 

0.97743 

0.248 

1.8x10“^ 

3.6728 

0.90768 

0.792 

l.OxlO"'* 

3.8203 

0.87108 

0.832 

5.0x10"^ 

3.9880 

0.83127 

0.792 

l.OxlO"^^ 

7.9927 

0.41253 

0.376 

1.0x10“^^ 

10.015 

0.32922 

0.300 

Then  using  the  definition  of  Q ^ (p) 

D = q“^  (2/3  BER)  (68) 

The  magnitude  of  D can  be  determined  from  that  of  BER  using 
Equation  68  and  a computer  program  or  an  appropriate  set  of 
tables  for  performing  the  Q“l(p)  operation  on  (2/3)  BER. 

Then,  given  the  magnitude  of  D and  PERI  (which  is  1/8192)  the 
magnitude  of  Aq  may  be  determined  by  Newton  Raphson  iteration 
(which  can  be  a tedious  process  if  done  by  hand) . Given  the  Baud 
rate,  B,  and  the  values  of  D and  Aq,  the  time  constant,  T,  can  be 
determined  from  Equation  65  using  a computer  program  or  an  appro- 
priate set  of  tables  to  evaluate  the  Q'  (x)  terms. 
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3. 4. 2. 7 


Selection  of  a Pseudo  Error  Rate 


The  last  subject  to  be  discussed  in  this  section  is  the  selection 
of  an  appropriate  value  for  PERI.  An  examination  of  Figure  3-12, 
which  shows  a/d  plotted  versus  N/d  for  a PERI  value  of  1.5  x 10”^, 
reveals  that  as  the  amplitude  of  a/d  decreases,  the  computed 
values  of  dispersion  a/d  versus  N/d  asymptotically  approach  a 
straight  line  which  passes  through  the  origin.  If  the  pseudo 
error  rate,  PERI,  is  decreased,  the  asymptote  will  become  more 
nearly  vertical  but  it  will  still  pass  through  the  origin  as  may 
be  verified  by  Figure  3-4.  The  optimal  slope  for  a given  appli- 
cation is  usually  close  to  the  slope  which  causes  the  asymptote 
to  cross  the  a/d  = 1.0  level  at  the  maximum  BER  value  which  the 
BEM  is  expected  to  monitor.  For  convenience  this  maximum  BER  will 
be  defined  as  equal  to  G. 

G = Max[BER|BER  in  useful  range]  (69) 

Next,  define  d/Ng  as  the  value  of  d/N  which  makes  the  Baud  error 
rate  equal  to  G.  Then  substituting  G and  (d/Ng)  into  Equation 
39  gives 


G = (3/2)Q(D/Nq) 

(70) 

Rearranging  factors 

Q(d/NQ)  = (2/3 )G 

(71) 

After  solving  a few  a/d  versus  N/d  curves  by  hand  for  constant 
PERI  using  Equation  41,  it  becomes  obvious  that  the  equation  for 
the  asymptote  can  be  obtained  by  deleting  all  but  the  first  Q ( ) 


term  on  the  right. 

PERI  = (1/4)Q[ (a/d) (d/N) ] , for  asymptote  (72) 

To  force  a/d  to  equal  one  when  the  bit  error  rate  is  equal  to  G, 
substitute  Equations  73  and  74  into  Equation  72  to  obtain 
Equation  75. 

a/d  = 1 (73) 

d/N  = d/Ng  (74) 

PERI  = (l/4)Q(d/NQ)  (75) 

Then  substitute  Equation  71  into  75 

PERI  = (1/4) (2/3)G  (76) 

PERI  = G/6,  where  G = BERj,^j.  (77) 
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To  test  this  result  on  Figure  3-12,  G is  computed  from  the  value 
of  PERI  which  is  1.5  x 10“^. 

G = 6 PERI  = 9 X 10  for  Figure  3-12.  (78) 


From  Figure  3-12,  the  value  of  BEK  at  which  the  asymptote  crosses 
the  a/d  = 1 level  is  about  4/5  of  the  way  from  the  5 x 10”^  line 
to  the  10  X 10“4  (that  is  1 x 10~3)  which  is  as  expected  from 
Equation  78.  When  additional  factors  begin  to  affect  the  opera- 
tion of  the  BEM,  Equation  77  may  not  give  the  exact  value  for  the 
optimal  PERI,  but  even  then  it  is  a good  starting  point  for  an 
iterative  solution. 


From  Equation  78,  PERI  is  equal  to  1.5  x 10  , which  is  one  error 

in  every  1667  Bauds  received.  To  simplify  hardware  design  and  provide 
a relatively  close  match  with  the  optimal  PERI,  a sample  size  of 
2048  was  chosen.  With  this  sample  size  one  error  represents 
approximately  0.05%  and  corresponds  to  an  error  margin  of  99.95%  or 
3.3  sigma  for  normally  distributed  errors. 


3.4.3 


Analyses  Including  the  VICOM  Tl-4000  Nine-Level  Eye 
Distortion 


3. 4. 3.1  Description  of  the  Nine-Level  Eye 

The  VICOM  4000  series  multiplexer  nominally  has  a three-level  eye 
pattern.  However,  because  of  intersymbol  interference,  the  eye 
pattern  accidentally  has  nine  levels.  As  shown  in  Figure  3-14, 
each  of  the  three  nominal  levels,  2d,  0,  and  -2d,  has  an  addi- 
tional level  above  it,  2d+i,  i,  and  -2d+i,  respectively,  and  an 
additional  level  below  it,  2d-i,  -i,  and  -2d-i,  respectively. 
Because  of  intersymbol  interference,  the  voltage  received  at  any 
sampling  time,  such  as  n-1,  will  be  dependent  not  only  upon  the 
symbol  intended  for  the  n-l  sampling  time  but  also  upon  the  sym- 
bols transmitted  at  the  adjacent  sampling  times  n-2,  and  n. 

Since  this  type  of  distortion  causes  the  received  voltage  to  be 
affected  by  the  voltage  of  the  adjacent  symbols,  this  type  of 
distortion  is  called  intersymbol  interference.  If  the  inter- 
symbol interference  extends  over  a sufficiently  long  time  period 
that  the  voltage  at  the  n-l  sampling  time  is  affected  by  other 
samples  in  addition  to  the  n-2  and  n sample  then  the  intersymbol 
interference  eye  pattern  becomes  more  complex  than  that  shown  in 
Figure  3-14  and  the  number  of  levels  obtained  will  be  greater 
than  nine.  When  the  additional  effects  become  large  enough, 
adjacent  levels  such  as  the  +i , 0,  and  -i  levels  will  become 
blurred  together  and  indistinguishable  from  each  other.  In  the 
VICOM  TI-4000  eye  pattern,  the  intersymbol  interference  between 
adjacent  Bauds  is  so  much  larger  than  all  of  the  other  eye  pattern 
degrading  effects  that  all  nine  levels  are  distinct  and  clearly 
separated  from  each  other. 

In  order  to  perform  mathematical  analyses  for  the  nine- level  eye 
pattern  equivalent  to  those  performed  in  the  previous  section  for 
the  three- level  eye  pattern,  it  is  necessary  to  have  the  proba- 
bilities of  each  eye  pattern  level.  The  values  of  these  proba- 
bilities, which  have  been  determined  by  analysis  and  confirmed  by 
observations,  are  given  below  in  Equations  79  through  87  and 
their  sum  is  equal  to  1 as  shown  in  Equation  88. 


(L  = 

2d+i)  = 1/16 

(79) 

(L  = 

2d)  = 2/16 

(80) 

(L  = 

2d-i)  = 1/16 

(81) 

(L  = 

0+i)  = 2/16 

(82) 

(L  = 

0)  = 4/16 

(83) 

(L  = 

0-i)  = 2/16 

(84) 

(L  = 

-2d+i)  = 1/16 

(85) 
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P(L 

= -2d)  = 2/16 

(86) 

P(L 

= -2d-i)  = 1/16 

(87) 

Sum 

of  the  above  = 1 

(88) 

With  the  use  of  these  probabilities,  the  mean  square  signal  power 
can  be  determined,  as  it  was  in  the  previous  section  for  the 
three-level  eye,  by  squaring  the  amplitude  of  each  of  the  levels, 
multiplying  each  squared  amplitude  by  the  probability  for  that 
level,  and  adding  all  of  these  terms  as  shown  in  Equation  89. 

= (2d+i) ^(1/16)  + (2d) ^(2/16)  + (2d-i) ^ (1/16) 


+ (0+i)^(2/16)  + (0)^(4/16)  + (0-i)^(2/16) 

+ (-2d+i)^(l/16)  + (-2d) ^(2/16)  + (-2d-i) ^(1/16) 
= 4d^ ( 1+2+1+1+2+1) /16+i^ (1+1+2+2+1+1) /16 


(89) 


Collecting  terms  in  the  above  equation  gives  the  following  result 
for  the  mean  squared  signal  power. 


1 2 2 
= 2d'‘+iV2 


(90) 


When  the  amplitude  of  i is  equal  to  0,  the  above  equation  gives 
the  identical  result  as  that  derived  in  the  previous  section  for 
the  three-level  eye.  As  the  amplitude  of  the  intersymbol  inter- 
ference, i,  increases,  the  signal  power,  S^,  must  be  increased 
if  the  same  useful  data  power,  2d?-,  is  to  be  maintained. 

3. 4. 3. 2 Computation  of  BER 

The  Bit  Error  Rate  probability  may  be  calculated  by  using  the 
same  technique  which  was  used  for  the  three-level  eye  which  is 
to  multiply  the  probability  of  occurrence  for  each  level  by  the 
probability  of  baud  error  given  that  that  level  was  transmitted, 
and  sum  these  individual  probability  terms  to  determine  the  total 
bit  error  rate.  This  operation  is  shown  in  Equation  91  in  which 
the  contributions  of  the  nine  separate  levels  are  shown  on  nine 
separate  lines. 


BER  = (1/16) 


{ Q[(d+i)/N] 

+2Q[  d /N] 

+ Q[(d-i)/N] 
+2Q[(d-i)/N] 
+4Q[  d /N] 
+2Q[ (d+i)/N] 

+ Q[(d-i)/N] 
+2Q[  d /N] 

+ Q[ (d+i)/N] } 


2Q[ (d+i)/N] 
4Q[  d /N] 
2Q[(d-i)/N] 


(91) 
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This  result  may  be  simplified  by  collecting  terms. 


i 


BER  = (l/16){6Q[(d+i)/N]  + 12Q(d/N)  + 6Q[(d-i)/N]}  (92) 

Notice  that  when  the  value  of  i is  set  equal  to  0 that  the  above 
equation  gives  the  same  bit  error  rate,  (3/2)  Q(d/N),  as  was 
obtained  previously  for  the  three-level  eye. 

3. 4. 3. 3 Computation  of  Pseudo  Error  Rate 

The  pseudo  error  rate  for  the  nine-level  eye,  PERI,  is  derived 
as  before  by  multiplying  the  probability  of  each  level  occurring 
by  the  probability  that  a pseudo  error  will  be  made  if  that  level 
occurs,  and  summing  the  contributions  over  the  nine  levels  to 
obtain  the  total  pseudo  error  rate.  This  operation  is  performed 
in  Equation  93  in  which  the  contribution  of  each  level  is  shown 
on  a separate  line. 


= (1/16) 


{ Q[(  a+i)/N] 

+2Q[  a /N] 

+ Q[(  a-i)/N] 
+2Q[(  d-i)/N] 
+4Q[  d /N] 

+2Q[(  d+i)/N] 
+ Q[(3d-i)/N] 
+2Q[  3d  /N] 
+ Q[(3d+i)/N] 


Q[(  d+i  )/N] 
2Q[  d /N] 
Q[(  d-i  )/N] 
2Q[ (2d-a-i)/N] 
4Q[(2d-a  )/N] 

2Q[ (2d-a+i)/N] 
Q[(4d-a-i)/N] 
2Q[(4d-a  )/N] 

Q[  (4d-a+i) /N] } 


The  above  result  may  be  simplified  by  collecting  terms  as  shown 
in  Equation  94. 

PERI  = (1/16)  {+  Q[(  a-i)/N]+2Q[  a /N] + Q[(  a+i)/N] 

+ Q[(  d -i)/N]+2Q[  d /N]+  Q[(  d +i) /N] 

-2Q [ ( 2d-a-i) /N] -4Q [ ( 2d-a) /N] -2Q [ ( 2d-a+i) /N] (94) 
+ Q((3d  -i)/N]+2Q[  3d  /N] + Q[(3d  +i)/N] 

- Q[(4d-a-i)/N]-2Q[(4d-a)/N]-  Q [ ( 4d-a+i) /N] } 

Notice  that  if  the  value  of  i is  set  equal  to  zero  that  the  three 
separate  terms  on  each  of  the  five  rows  merge  into  a single  term 
and  once  again  the  result  is  identical  to  that  which  was  obtained 
for  the  three-level  eye. 

3. 4. 3. 4 Analysis  of  the  Pseudo  Error  Threshold  Control  Loo 


To  determine  the  value  of  the  dispersion,  a/d,  given  the  magni- 
tude of  the  pseudo  error  rate,  PERI,  and  the  value  of  d/N,  it  is 
convenient  to  have  the  partial  derivative  of  the  pseudo  error 
rate,  PERI,  with  respect  to  the  offset  threshold  amplitude,  a. 
This  partial  derivative  may  be  obtained  by  inspection  from  Equa- 
tion 95. 


^ = (16N)  Q'[(  a-i)/N]+2Q'[  a/N]+Q'[(  a+i)/N] 

+2Q' [ (2d-a-i)/N]+4Q' [ (2d-a)/N]+2Q' [ (2d-a+i)/N] (95) 
+ Q' [ (4d-a-i)/N]+2Q' [ (4d-a)/N]+  Q' [ (4d-a+i) /N] } 

When  the  magnitude  of  the  intersymbol  interference,  i,  is  set 
equal  to  zero,  each  of  the  three  lines  of  Equation  95  collapses 
to  a single  term  and  these  three  terms  are  identical  to  those 
obtained  in  the  three-level  eye  pattern  analysis.  The  dispersion 
amplitude  for  a given  noise  level,  Ap,  and  the  corresponding  time 
j constant,  T,  for  a nine-level  eye  pattern  can  be  determined  by 

! using  the  same  techniques  which  were  developed  for  the  three- 

level  eye  but  using  the  nine-level  equations  in  place  of  the 
' three-level  ones.  One  complexity  resulting  from  the  use  of  the 

nine- level  equation  is  that  they  introduce  a new  parameter,  the 
intersymbol  interference  amplitude,  i.  Fortunately,  the  magni- 
tude of  the  intersymbol  interference,  i,  appears  to  be  essentially 
constant  for  any  given  application  so  that  it  may  be  treated  as 
a constant  when  solving  for  the  dispersion,  Aq,  and  the  time 
constant,  T. 

3.4.4  Computer  Program  to  Produce  Performance  Prediction  Tables 
3. 4, 4.1  Introduction 

i 

One  of  the  primary  functions  of  the  mathematical  analyses  de- 
scribed here  is  to  perform  real  time  prediction  of  VICOM  TI-4000 
series  multiplexer  bit  error  rate,  BER,  from  BEM  dispersion  mea- 
surements, a/d.  Using  the  nine-level  eye  equations  previously 
derived,  tables  of  dispersion  versus  bit  error  rate  can  be  pre- 
pared for  various  values  of  intersymbol  interference.  Explicit 
solutions  for  dispersion,  given  bit  error  rate,  are  unavailable 
so  that  the  equations  which  do  exist  must  be  solved  iteratively. 
The  number  of  terms  in  these  equations  is  so  large  that  even  if 
a small  number  of  iterations  per  point  were  adequate  it  would  not 
be  practical  to  prepare  the  required  tables  by  hand.  Since  it 
was  considered  possible  that  additional  tables  might  be  needed 
at  a later  date  and  that  it  might  be  necessary  to  use  a different 
computer  in  preparing  these  tables,  all  of  the  programs  in  the 
family  were  written  using  the  Structured  Programming  techniques. 
These  programs  are  completely  documented  on  comment  cards  con- 
tained within  the  programs  themselves  so  that  their  operation  can 
be  readily  understood  and  they  may  be  easily  modified  to  reflect 
future  changes  in  the  math  models  or  to  run  on  different  machines. 
The  complete  set  of  programs  consists  of  one  trunk  program  called 
TRUNK,  three  regular  subroutines,  and  a group  of  five- function 
type  subroutines  to  produce  five  different  parameters  related  to 
the  NORMAL  distribution. 

The  computer  program  and  sample  printout  is  contained  in 
Appendix  B. 
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3. 4. 4. 2  The  Main  Program:  TRUNK 


The  first  function  of  the  TRUNK  program  is  to  read  the  input  data 
cards  to  determine  the  value  of  the  Baud  error  rate  and  pseudo 
error  rate  for  which  the  analyses  are  to  be  performed.  Next,  it 
reads  a list  of  the  bit  error  rate  values,  each  of  which  is  used 
once  per  table.  Then,  it  reads  a list  of  intersymbol  interfer- 
ence values,  i/d,  for  which  it  is  to  produce  one  table  each.  For 
the  first  intersymbol  interference  value  and  bit  error  rate,  the 
TRUNK  program  calls  Subroutine  DNR9LE  to  determine  the  value  of 
d/N  which  corresponds  with  a given  value  of  Baud  error  rate,  BER. 
The  TRUNK  then  calls  Subroutine  ADR9LE  to  determine  the  value  of 
a/d  which  corresponds  with  the  given  value  of  d/N  for  the  speci- 
fied pseudo  error  rate.  This  subroutine  also  computes  the  time 
constant  of  the  dispersion  loop.  When  the  TRUNK  program  has 
finished  computing  all  of  the  values  for  one  table,  it  calls  Sub- 
routine TABLE  which  does  the  actual  printing.  The  TRUNK  program 
continues  to  compute  and  print  tables  until  it  has  exhausted  the 
list  of  intersymbol  interference  values;  then  it  stops. 

3. 4. 4. 3 The  Gaussian  Distribution  Function  Type  Routines 

These  subroutines  are  written  in  function  style  so  that  they  do 
not  have  to  be  called  explicitly.  Examples  of  such  routines 
already  existing  in  the  computer  library  are:  sine,  cosine,  and 
square  root  functions.  The  functional  programs  written  for  this 
analysis  correspond  to  Q(x) , Q~l(x),  Q' (x) , and  two  additional 
programs  which  work  with  (1-Q)  rather  than  Q itself.  If  greater 
detail  is  desired,  it  may  be  found  within  the  programs  themselves. 

3. 4. 4. 4 Subroutine  DNR9LE 

Subroutine  DNR9LE  determines  the  value  of  d/N,  that  is  Aq,  which 
will  produce  the  specified  value  of  BER.  It  obtains  this  d/N 
value  by  a Newton  Raphson  iterative  solution  of  Equation  91  using 
the  specified  values  for  BER  and  intersymbol  interference  ampli- 
tude, i/d. 

3. 4. 4. 5 Subroutine  ADR9LE 

Subroutine  ADR9LE  solves  Equation  94  iteratively  to  determine  the 
amplitude  of  the  dispersion,  a/d,  which  satisfies  that  equation 
for  the  given  values  of  d/N,  i/d,  and  pseudo  error  rate.  As  a 
biproduct,  this  subroutine  also  determines  the  derivative  of  the 
pseudo  error  rate  with  respect  to  dispersion,  and  using  this 
value  computes  the  time  constant  of  the  dispersion  loop. 

3. 4. 4. 6 Subroutine  TABLE 

Subroutine  TABLE  prints  the  information  obtained  by  the  TRUNK  pro- 
gram in  tabular  form  v;ith  proper  headings  and  definitions  so  that 
each  table  is  complete  in  itself  and  of  suitable  dimensions  for 
storing  in  an  8-1/2  x 11  inch  file  folder  or  notebook'. 
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3.4.5  Differences  Between  Computer  Math  Model  and  Actual 
Hardware  Identified  Through  Laboratory  Testing 

3. 4. 5.1  Introduction 

For  pragmatic  reasons,  the  various  differences  which  were  dis- 
covered between  the  real  world  and  the  simplified  math  model  in 
the  computer  will  be  classified  in  accordance  with  the  ways  in 
which  they  affect  the  various  predictions.  It  was  found  that 
each  of  the  deviations  can  be  assigned  to  one  of  three  general 
categories.  Factors  in  the  first  category  cause  the  dispersion 
value,  a/d,  to  be  larger  than  zero  even  when  the  amplitude  of  the 
noise  added  for  test  purposes  is  equal  to  zero.  The  second  class 
of  factors  cause  the  slope  of  the  dispersion  versus  noise,  N/d, 
to  deviate  from  the  mathematically  predicted  slope.  Factors  of 
the  third  type  cause  the  observed  bit  error  rate,  BER,  to  be 
greater  than  the  values  predicted  on  the  basis  of  dispersion,  a/d, 
measurements.  These  three  different  types  of  factors  will  be 
described  in  the  following  subsections. 

3. 4. 5. 2 Factors  Affecting  No  Noise  Dispersion 

Tests  were  performed  in  the  laboratory- to  measure  dispersion,  a/d, 
versus  added  noise.  A summing  amplifier  was  added  between  the 
output  of  the  VICOM  TI-4000  multiplexer  transmitter  and  the  input 
of  the  associated  multiplexer  receiver.  The  BEM  was  connected  in 
parallel  with  the  receivers  so  that  the  receiver  and  BEM  both 
shared  the  same  input  signal.  Noise  was  added  in  the  summing 
amplifier,  and  the  multiplexer  bit  error  rate  and  BEM  output  dis- 
persion voltage  were  both  noted.  When  the  added  noise  was  reduced 
to  zero  it  was  found  that  dispersion  did  not  go  to  zero.  This 
phenomena  was  partially  explained  by  intersymbol  interference 
which  produces  the  results  shown  in  Figure  3-15.  The  expression 
AIDR  used  in  Figure  3-15  is  equivalent  to  the  previously  defined 
quantity,  i/d.  AIDR  is  a mnemonic  used  in  the  computer  program 
and  other  documentation  which  stands  for  ^plitude  of  intersymbol 
interference  to  d ratio.  The  dispersion  versus  noise  character- 
istics, shown  as  solid  lines  in  Figure  3-15,  are  plotted  from 
computer  outputs  and  show  the  affect  of  different  AIDR  values  on 
the  nine-level  eye  math  models.  If  the  AIDR  ratio  is  0.2,  then 
for  the  computer  math  model  the  dispersion,  a/d,  will  be  equal  to 
0.2  when  the  noise,  N/d,  is  equal  to  zero.  However,  in  the  real 
world,  the  dispersion,  a/d,  with  no  noise  added  to  the  channel, 
may  be  larger  than  the  AIDR  value.  Laboratory  tests  were  per- 
formed to  determine  what  factors  could  cause  the  zero  noise  dis- 
persion amplitudes  to  vary  from  the  mathematical  predictions. 

One  of  the  first  factors  identified  was  a gain  bandwidth  inter- 
action in  the  variable  gain  amplifier  of  the  VICOM  multiplexer 
receiver.  As  the  amplitude  of  the  input  signal  to  the  receiver 
was  decreased,  the  variable  amplifier  gain  was  automatically  in- 
creased to  obtain  a constant  amplitude  level  at  the  VICOM  com- 
parators. The  increase  in  gain  caused  the  bandwidth  of  the  var- 
iable gain  amplifier  to  decrease  thereby  increasing  the  phase  lag 
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RELATIVE  AMPLITUDE  OF  ADDED  NOISE  N/d 

FIGURE  3-15.  FACTORS  AFFECTING  ZERO  NOISE  DISPERSION 
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in  this  circuit  enough  to  have  a significant  effect  on  the  three- 
level  partial  response  eye  pattern.  The  effect  of  gain  changes 
as  small  as  0.5  dB  was  sometimes  observed  to  produce  a measurable 
change  in  the  AIDR  ratio.  After  discovery  of  this  input  level 
sensitivity,  the  levels  were  carefully  monitored  in  all  subse- 
quent testing.  The  next  factor  which  was  identified  as  affecting 
zero  noise  dispersion  was  additional  intersymbol  interference  in 
the  VICOM  eye  pattern  beyond  that  which  was  required  to  make  the 
three  levels  into  nine.  This  additional  intersymbol  interference 
effect  and  that  of  residual  noise  in  the  transmitter  were  tempo- 
rarily removed  from  the  test  setup  by  using  a sine  wave  generator 
in  place  of  the  VICOM  transmitter.  The  sine  wave  was  adjusted  in 
amplitude  and  frequency  to  simulate  a three-level  eye  pattern. 
Using  this  signal  source,  the  AIDR  value  became  equal  to  zero  and 
the  zero  noise  dispersion,  a/d,  smaller  than  0.1.  This  excess 
of  dispersion  above  the  theoretical  level  decreased  as  the  amount 
of  added  noise  was  increased  as  shown  in  Figure  3-15  for  the  0.2 
AIDR  value.  This  curve  could  be  plotted  exactly  using  a math 
model  which  assumes  that  a certain  constant  amount  of  intrinsic 
internal  noise  was  always  present  within  the  equipment  whether 
external  noise  is  added  or  not  and  using  the  N/d  to  represent  the 
amplitude  of  the  externally  added  noise  alone.  Additional  ex- 
periments were  performed  to  locate  the  more  significant  sources 
of  this  intrinsic  noise.  It  was  suspected  that  phase  jitter  in 
the  VICOM  receiver  Baud  timing  recovery  loop  was  contributing 
heavily  to  this  noise,  and  this  suspicion  was  verified  when  the 
Baud  timing  loop  was  bypassed  and  timing  was  taken  directly  from 
the  test  signal  generation  equipment.  With  this  sine  wave  test 
setup,  bypassing  most  of  the  VICOM  equipment,  it  was  possible  to 
detect  the  presence  of  intrinsic  noise  within  the  BEM  itself. 

The  noise  intrinsic  to  the  BEM  was  found  to  be  caused  primarily 
by  spurious  interactions  between  the  comparators  caused  by  high 
level  switching  spikes  affecting  sensitive  input  circuits.  After 
extensive  board  relayout,  decoupling,  and  grounding  changes,  the 
intrinsic  noise  within  the  BEM  was  reduced  to  a negligible  level 
(a/d  approximately  equaled  0.02). 

It  was  concluded  from  the  above  experiments  that  zero  noise  dis- 
persion can  be  made  to  vary  from  the  math  model  in  two  ways:  the 
value  of  AIDR  may  be  changed,  or  there  may  be  intrinsic  noise 
sources  such  as  higher  level  intersymbol  interference,  phase 
jitter,  comparator  interactions,  or  electronic  noise  which  cause 
the  effective  value  of  U/d  to  be  non-zero  even  when  the  amplitude 
of  the  externally  added  noise  has  been  reduced  to  zero.  In  other 
words,  theoretical  plots  of  dispersion  a/d  versus  noise  U/d  may 
fail  to  conform  with  experimental  data  because  the  AIDR  value  is 
inappropriate  or  because  the  value  of  noise  used  in  plotting  the 
N/d  axis  does  not  include  all  of  the  internal  noise  sources  with- 
in the  equipment. 
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3. 4. 5. 3 Factors  Affecting  Dispersion  Versus  Noise 

Factors  affecting  the  zero  noise  intercept  of  the  dispersion 
versus  noise  curves  were  discussed  mi  the  preceding  paragraphs. 

Now  factors  will  be  considered  which  maue  the  slope  of  the  dis- 
persion versus  noise  curves  vary  fron  those  predicted  by  the  com- 
puter math  models.  The  slopes  of  clic  dispersion  versus  noise 
curves  plotted  from  early  laboratory  data  were  always  greater 
(more  nearly  vertical)  than  thoso  predicted  by  theory.  As  addi- 
tional tests  were  performed  to  learn  the  cause  of  this  variation, 
it  was  gradually  learned  that  multiplicative  noise  mechanisms  are 
present  in  the  VICOM  multiplexer  receiver.  These  multiplicative 
effects  were  isolated  almost  entirely  to  the  Baud  timing  recovery 
circuits.  The  computer  math  models  are  constructed  using  the 
assumption  that  the  Baud  timing  recovery  operation  is  performed 
perfectly,  so  that  the  only  errors  present  in  the  eye  sampling 
process  are  ^'hose  caused  by  additive  noise  being  present  on  top 
of  the  desired  eye  pattern  signals.  For  many  receivers  this  is 
a good  assumption  because  the  Baud  timing  recovery  phase  lock 
loops  typically  use  a very  narrow  bandwidth  to  reject  almost  all 
of  the  undesired  noise  so  that  the  sample  timing  in  the  receiver 
is  very  nearly  jitter  free.  In  the  VICOM  receiver,  an  appreciable 
portion  of  the  noise  doea  get  through  to  affect  the  sample  timing 
so  that  the  quality  of  tlie  sampled  voltage  values  decreased  more 
rapidly  with  increasing  noise  than  it  would  if  additive  noise  were 
the  only  degrading  effect  present.  The  BEM  could  be  made  to  ig- 
nore this  phase  jitter  sensitivity  of  the  VICOM  receiver  Baud 
timing  loop  by  ignoring  the  output  of  the  VICOM  Baud  timing  loop 
and  developing  its  own  Baud  timing  signals  independently;  however, 
the  function  of  the  BEM  is  to  predict  VICOM  performance,  not 
theoretical  performance,  so  it  was  considered  advantageous  to  re- 
tain the  VICOM  Baud  timing  loop  noise  sensitivity  within  the  dis- 
persion measuring  system.  The  effect  of  this  noise  sensitivity 
in  the  Baud  timing  loop  can  be  seen  in  Figure  3-16  in  which  the 
lower  solid  line  curve  represents  the  dispersion  predicted  by  the 
computer  model  for  an  AIDR  value  and  the  upper  solid  curve  shows 
the  actual  measured  dispersion.  The  lower  dashed  line  represents 
the  straight  line  asymptote  for  the  theoretical  dispersion  versus 
noise  and  the  upper  dashed  line  represents  the  straight  line 
asymptote  for  the  measured  dispersion  versus  noise.  The  0.088 
offset  between  the  upper  solid  line  and  the  upper  dashed  line  at 
zero  noise  was  caused  by  the  intrinsic  noise  effects  described 
previously.  This  figure  will  be  referred  to  again  when  techniques 
for  fitting  curves  to  real  data  are  discussed.  The  purpose  for 
including  it  here  is  to  show  an  actual  example  of  the  increased 
slope  in  the  dispersion  asymptote  (asymptotes  shown  as  dashed 
lines)  caused  by  noise  induced  jitter  in  the  VICOM  Baud  timing 
recovery  system.  In  this  case,  the  increase  in  slope  is  about 
22  percent  or  1.75  dB  in  effective  noise  power.  This  1.75  dB  in- 
crease in  the  slope  of  the  dispersion  curve  versus  added  noise 
indicates  that  the  effective  noise  in  the  eye  pattern  samples  is 
1.75  dB  higher  than  it  would  be  with  a jitter  free  timing  recovery 
circuit.  When  tests  were  run  with  the  timing  recovery  circuit 
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bypassed,  the  measured  slope  was  essentially  equal  to  the  mathe- 
matical predicted  slope.  Thus,  the  increase  in  slope  furnishes  a 
useful  Lieasurement  of  the  degradation  produced  by  imperfections 
in  the  Baud  timing  loop. 

During  dispersion  versus  noise  testing,  an  additional  effect  of 
phase  jitter  was  sometimes  observed  which  does  not  appear  in 
Figure  3-16.  During  some  of  the  tests  a uispersion  versus  noise 
curve  was  found  to  be  relatively  straight  with  a constant  slope 
as  shown  in  Figure  3-16  up  to  a dispersion,  a/d,  amplitude  of 
0.7  to  0.9  and  then  undergo  an  abrupt  increase  in  slope  which 
occasionally  was  so  nearly  vertical  as  to  be  unmeasurable.  The 
most  extreme  example  of  this  phenomenon  occurs  when  the  test  sig- 
nal and  the  test  noise  are  both  sine  waves.  The  cause  of  this 
jump  was  once  again  traced  to  phase  jitter  in  the  Baud  timing 
loop.  The  reason  for  this  jump  becomes  obvious  after  a careful 
examination  of  the  effect  of  phase  jitter  on  the  pseudo  error 
rate  detector  using  the  levels  defined  in  Figure  3-11.  The  lower 
pseudo  error  rate  detection  zone  extends  from  -(2d-a)  volts  to  -d 
volts.  The  constant  pseudo  error  rate  loop  adjusts  the  amplitude 
of  a as  necessary  to  maintain  a constant  pseudo  error  rate.  When 
the  noise  level,  N,  is  small  relative  to  the  decision  level,  d, 
of  the  signal  decoding  comparators,  the  distance,  a,  between  the 
lower  boundary  of  the  pjoudo  error  zone  and  the  lower  data  level 
will  be  much  smaller  than  the  distance,  d,  between  the  upper 
boundary  of  the  pseudo  error  zone  and  the  center  data  level; 
therefore,  the  number  of  pseudo  errors  caused  by  lower  level  sig- 
nals crossing  the  lower  pseudo  error  boundary  will  greatly  exceed 
the  number  of  pseudo  errors  caused  by  the  center  level  signals 
crossing  the  upper  pseudo  level  boundary.  That  is,  for  small 
noise  levels  the  number  of  pseudo  errors  obtained  from  upper 
boundary  crossings  is  negligible  so  that  the  distance,  a,  between 
the  lower  boundary  and  the  lower  level  is  directly  proportional 
to  the  noise  level,  N.  As  the  amplitude  of  the  noise  increases, 
the  distance,  a,  between  the  lower  pseudo  error  zone  boundary 
and  the  lower  signal  level  also  increases  becoming  more  nearly 
equal  to  the  distance,  d,  between  the  upper  pseudo  error  zone 
boundary  and  the  center  level  signal;  therefore,  the  probabilities 
of  signals  erroneously  crossing  these  two  boundaries  becomes 
more  nearly  equal  causing  the  dispersion  versus  noise  curves  to 
depart  from  the  straight  line  asymptote  as  shown  in  Figure  3-16. 
Thus,  even  when  the  Baud  timing  is  ideal,  as  it  was  in  the  com- 
puter math  models,  the  slope  of  the  dispersion  versus  noise  curve 
begins  to  increase  for  dispersion  amplitudes,  a/d,  greater  than 
about  0.75  in  order  to  reduce  the  number  of  lower  boundary  pseudo 
errors  to  compensate  for  the  increase  in  the  number  of  pseudo 
errors  coming  from  the  center  level  (recalling  that  the  number  of 
pseudo  errors  coming  from  the  center  level  was  heretofore  negli- 
gible) . VVhen  phase  jitter  is  present,  the  probability  of  center 
level  signals  crossing  the  upper  pseudo  error  zone  boundary  is 
greatly  increased  relative  to  the  probability  of  lower  level  sig- 
nals crossing  the  lower  boundary  because  of  the  shape  peculiar  to 
the  eye  pattern  in  Figure  3-11.  If  the  eye  pattern  is  sampled 
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with  perfect  timing,  the  distances  from  the  center  level  and  the 
lower  level  to  the  decision  comparator  voltage,  d volts,  are 
equal.  However,  looking  at  the  voltage  versus  time  traces  on  the 
oscilloscope  eye  pattern  presentation,  it  is  obvious  that  if  the 
timing  becomes  increasingly  early  or  late  that  the  vertical  dis- 
tance between  the  decision  level,  -d  volts,  decreases  more  rapidly 
for  the  center  level  than  for  the  lower  level.  When  the  number 
of  pseudo  errors  from  the  center  level  begins  to  become  signifi- 
cant relative  to  the  number  from  the  lower  level,  the  slope  of 
the  dispersion  versus  noise  curve  will  begin  to  increase;  and,  if 
the  probability  of  center  level  errors  reaching  -d  greatly  ex- 
ceeds that  of  lower  level  errors  reaching  -d,  the  increase  in 
dispersion  will  be  very  abrupt.  The  most  extreme  example  of  this 
abrupt  jump  occurred  when  an  unsynchronized  sine  wave  signal  was 
used  in  the  place  of  a Gaussian  noise  source  to  simulate  added 
noise.  This  sine  wave  signal  induced  enough  jitter  into  the 
VICOM  Baud  timing  loop  to  cause  a large  niraber  of  center  level 
eye  samples  to  deviate  below  the  -d  threshold  while  the  deviation 
of  the  samples  about  the  lower  level  was  approximately  0.7d.  With 
this  test  setup,  as  the  amplitude  of  the  sine  wave  noise  was 
gradually  increased  the  dispersion  versus  noise  characteristic 
followed  a straight  line  to  a dispersion  amplitude  of  about  0.7, 
and  then  the  dispersion  jumped  abruptly  to  an  amplitude  of  approx- 
imately 1,0  for  an  unmeasurably  small  additional  increase  in 
noise.  The  underlying  cause  producing  this  jiamp  and  the  point 
at  which  the  jump  occurred  could  be  deduced  and  predicted  by 
watching  oscilloscopic  presentations  of  the  eye  pattern  with 
appropriate  Baud  timing  as  the  dispersion  versus  noise  data  points 
were  taken.  It  was  determined  theoretically  that  this  jump 
could  be  avoided  by  moving  the  pseudo  error  zone  from  its  present 
location,  -d  to  -(2d-a)  volts,  to  a new  location  adjacent  to  the 
center  level  such  as  -a  to  -d  volts.  If  this  new  pseudo  error 
zone  location  were  used,  the  dispersion  would  be  even  steeper 
than  it  is  now  because  of  the  increased  phase  jitter  sensitivity. 
When  the  sine  wave  noise  source  was  replaced  with  a Gaussian 
noise  source  the  jump  became  more  difficult  to  detect  or  dis- 
appeared altogether  as  may  be  seen  by  looking  at  Figure  3-16.  It 
was  established  that  dispersion  readings  obtained  using  the 
present  pseudo  error  zone  location  produced  excellent  error 
prediction  results.  Therefore,  changing  the  hardware  so  as  to 
move  the  pseudo  error  zone  was  considered  not  only  unjustifiable 
on  the  basis  of  proven  performance,  but  also  an  unnecessary  risk 
since  the  hardware  was  already  proven  to  work  with  the  present 
pseudo  error  zone  location  and  had  not  been  tested  using  one  of 
the  alternate  locations. 
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3. 4. 5. 4 Factors  Affecting  Error  Rato  Prediction  From 
Dj.spersion  Measurements 

Since  dispersion  measurements  indicate  the  total  effective  noise 
level,  including  such  effects  as  phase  jitter  and  not  just  the 
amplitude  of  the  applied  noise  alone,  they  would  be  expected  to, 
and  actually  do,  furnish  a better  basis  for  predicting  pseudo 
error  rates  than  do  added  noise  level  measurements.  However, 
the  Baud  error  rates  predicted  on  the  basis  of  dispersion  mea- 
surements are  still  lower  than  the  measured  Baud  error  rates. 

The  technique  for  predicting  Baud  error  rates  from  dispersion 
measurements  is  to  use  the  nine-level  eye  math  model  to  compute 
the  noise  level,  d/N,  which  will  produce  the  indicated  disper- 
sion, and  then  to  compute  the  Baud  error  rate,  BER,  which 
corresponds  to  the  coiriputed  value  of  d/N  and  the  assumed  value 
of  intersymbol  interference  AIDR.  In  order  to  make  the  pre- 
dicted BER  values  agree  with  the  observed  BER  values,  it  was 
necessary  to  increase  the  noise  level  computed  from  the  dis- 
persion measurements  by  a constant  factor,  approximately  equal 
to  3 dB,  before  using  these  noise  values  to  compute  the  pre- 
dicted BER  values.  That  is,  for  any  particular  Baud  error  rate, 
the  VICOM  receiver  appeared  to  need  a signal  to  noise  ratio  at 
the  comparator  inputs  approximately  3 dB  better  than  that  re- 
quired for  a theoretically  perfect  comparator  detection  process. 
The  VICOM  receiver  was  examined  to  determine  the  cause  of  this 
3 dB  degradation  with  respect  to  ideal,  and  three  significant 
factors  were  identified.  First,  the  comparator  decision 
thresholds  were  not  set  midway  between  the  inner  and  outer  eye 
pattern  levels  as  was  done  in  the  computer  math  model  but  were 
located  nearer  to  the  outer  levels,  probably  to  take  advantage 
of  the  extra  width  (in  the  time  domain)  of  the  eye  pattern  at 
those  locations  as  shown  by  Figure  3-11.  Second,  the  AGC  system 
caused  the  amplitude  of  the  eye  pattern  to  shrink  as  the  noise 
level  increased  because  it  used  the  peak  amplitude  of  the  signal 
plus  noise  as  a reference  rather  than  gain  controlling  on  the 
amplitude  of  the  signal  alone.  Third,  the  BEM  used  a dc  phase 
correction  technique  so  that  there  was  never  any  steady  state 
phase  error  in  the  eye  pattern  sampling;  however,  the  VICOM  re- 
ceiver used  a factory  selected  phase  offset  adjustment  which  was 
not  necessarily  optimal  at  the  time  of  the  performance  tests  for 
the  ambient  temperature,  signal  noise  level-,  and  other  condi- 
tions under  which  those  tests  were  conducted. 
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3.4.6  Lciboratory  Developed  Performance  Table  Fitting  Techniques 

3. 4. 6.1  Fitting  the  Dispersion  Versus  Noise  Curve  with  Three 
Constants 


The  laboratory-developed  technique  for  fitting  dispersion  versus 
noise  characteristics  is  illustrated  by  the  example  in  Figure 
3-16.  The  circles  in  Figure  3-16  represent  the  empirical  mea- 
surements of  dispersion  versus  added  noise.  For  dispersion  values 
larger  than  0.75,  the  dark  line  fitted  to  the  empirical  points 
was  drawn  by  selecting  the  best  fitting  segments  of  a French 
curve;  however,  the  portion  below  the  dispersion  value  of  0.75 
was  fitted  by  selecting  the  appropriate  constants  in  a theoret- 
ically derived  equation  for  computing  the  noise  level,  N/d,  from 
the  measured  dispersion,  a/d.  This  equation  can  be  derived  by 
making  use  of  two  relationships.  First,  the  amplitude  of  the 
noise  which  affects  the  dispersion  is  equal  to  the  total  noise 
power,  Nt^,  which  is  obtained  by  adding  the  power  of  the  noise 
added  in  at  the  siamming  junction,  Ng^,  to  the  power  of  the  in- 
trinsic noise,  which  is  already  present  in  the  system. 

(96) 

The  second  relationship  is  that,  for  dispersion  amplitudes,  a/d, 
less  than  3/4,  the  dispersion  is  approximately  equal  to  the 
intersymbol  interference  constant,  AIDR,  plus  a constant  times 
the  rms  amplitude  of  the  total  noise. 

(a/d)  = AIDR  + k(N^/d)  (97) 

Moving  the  AIDR  term  to  the  left  hand  side  of  Equation  97, 
squaring  both  sides,  substituting  Equation  96  into  the  result  and 
rearranging  terms  gives  the  following  result. 

[ (a/d) -AIDR] ^ = k^[ (N^/d) ^+(Ng/d) (98) 

The  theoretical  equation  used  for  fitting  the  curve  in  Figure 
3-16  may  be  obtained  by  solving  Equation  98  for  the  value  of 
N^/d. 


(Ng/d)  = {/  [ (a/d) -AIDR] ^ - k^(N^/d)^}/k  (99) 

Corresponding  dispersion,  a/d,  versus  added  noise,  Ng/d,  mea- 
surements obtained  empirically  and  are  shown  by  the  circled  data 
points  on  Figure  3-16.  The  values  of  intersymbol  interference, 
AIDR,  intrinsic  noise,  N^/d,  and  dispersion  versus  noise  slope, 
k,  were  determined  by  iteratively  trying  different  values  for 
these  parameters  to  determine  which  set  of  values  produced  the 


86 


best  fit  to  the  circled  points.  Once  these  best  fit  constants 
were  determined,  the  solid  line  through  these  points  was  con- 
structed by  using  the  approximation  equation  to  compute  as  many 
points  as  were  necessary  to  completely  determine  the  locus  of  the 
dispersion  versus  noise  curve. 

Since  the  error  rate  to  be  predicted  is  a function  of  the  total 
rms  noise  amplitude,  Nt,  rather  than  the  rms  amplitude  of  the 
summed  in  noise.  Ns,  the  dispersion  value,  a/d,  is  used  to  pre- 
dict the  amplitude  of  Nt*  In  order  to  accomplish  this  predic- 
tion, Equation  97  is  solved  for  the  value  of  Nt. 

(N^./d)  = [ (a/d)-AIDR]/k  (100) 

This  equation  uses  only  two  of  the  values  previously  solved  for 
by  the  recursive  curve  fitting  technique.  The  upper  dashed  line 
in  Figure  3-16  is  obtained  by  plotting  Equation  100  for  an  inter- 
symbol interference  amplitude,  AIDR,  of  0.18,  and  a dispersion 
versus  noise  slope,  k,  of  3.387,  which  were  the  values  of  these 
constants  determined  by  the  successive  curve  fitting  technique. 

The  significant  feature  about  this  upper  dashed  line  is  that  it 
intersects  the  dispersion  axis  at  a point  equal  to  the  amplitude 
of  the  intersymbol  interference,  AIDR,  which  in  this  case  is 
equal  to  0.18.  Of  the  three  parameter  values  determined  by  the 
iterative  curve  fitting  technique,  the  intersymbol  interference 
amplitude,  AIDR,  is  the  only  parameter  value  to  be  retained  for 
the  prediction  of  error  rate.  The  lower  solid  line  shown  in 
Figure  3-16  was  obtain'.'d  us;  Lng  the  computer  math  models  with  the 
amplitude  AIDR  set  equal  to  0.18.  The  lower  dashed  line  is  a 
straight  line  approximation  to  the  computer  solution.  The  equa- 
tion for  this  line  is  similar  to  that  given  for  the  upper  line  by 
Equation  100,  however,  in  this  case,  it  is  the  effective  rms 
noise  level,  Ner  rather  than  the  total  rms  noise  level,  N^, 
which  is  being  solved  for,  so  the  previous  slope  constant,  k,  must 
be  replaced  by  a new  slope  constant,  k2 . 

(Ng/d)  = [ (a/d) -AIDR] /k2  (101) 

As  may  be  seen  by  inspecting  Figure  3-16,  Equation  101  gives  a 
simple  but  accurate  means  of  computing  the  effective  noise  ampli- 
tude, Ng,  from  dispersion  measurements,  a/d,  for  dispersion 
values  up  to  approximately  0.75.  The  largest  dispersion  value 
used  in  the  BER  prediction  tables  developed  and  tested  in  the 
laboratory  was  an  a/d  amplitude  of  0.72  which  indicated  a Baud 
error  rate  of  1 x 10“3.  since  no  values  of  a/d  larger  than  0.75 
were  used,  the  straight  line  approximation  given  by  Equation  101 
was  adequate  for  predicting  the  effective  rms  noise  amplitude, 
Wg/d. 
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3. 4. 6. 2 


Predicting  BER  From  Dispersion 


The  first  step  in  predicting  the  Baud  error  rate,  BER,  from  the 
dispersion  measurements,  a/d,  was  to  use  Equation  101  and  the 
previously  determined  values  for  AIDR  and  k2  to  compute  the 
effective  noise  ratio,  Ne/d,  from  the  dispersion  measurement, 
a/d.  The  results  of  several  of  these  calculations  are  shown  in 
column  2 of  Table  3-3,  It  was  mentioned  in  previous  discussions 
that  these  noise  levels  must  be  increased  by  approximately  3 dB 
in  order  to  predict  the  observed  BER  values.  To  determine  the 
proper  amount  by  which  to  increase  these  noise  values,  the  pro- 
cedure shown  in  Table  3-3  was  used.  The  first  two  columns  of 
Table  3-3  have  already  been  explained.  The  third  column  shows 
the  BER  values  measured  under  the  same  conditions  as  measured 
dispersion  values  in  the  first  column.  Column  4 shows  the  values 
of  d/NBER  obtained  by  the  computer  math  models  using  the  assumed 
value  of  AIDR  (0.18)  and  the  value  of  BER  given  in  column  3.  The 
ratio  of  the  column  2 figures  to  the  column  4 figures  expressed 
in  decibels  is  computed  and  written  in  column  5.  Ideally,  all 
of  the  figures  in  column  5 would  be  identical.  The  mean  and 
standard  deviation  for  these  figures  were  both  computed  and  found 
to  be  equal  to  3.20  dB  and  0.11  dB,  respectively.  This  means  that 
the  noise  level,  Nber,  required  for  predicting  bit  error  rate  was 
typically  3.20  dB  higher  than  the  noise  level,  Ng,  computed  from 
the  dispersion  value  when  it  was  assumed  that  the  intersymbol 
interference  amplitude,  AIDR,  was  equal  to  0.18  in  both  cases. 
Assuming  that  the  dispersion  readings  are  used  to  compute  an 
effective  noise  level,  Ne,  which  is  then  increased  by  a 3.2  dB 
factor  to  obtain  an  estimate  of  the  noise  amplitude,  Nber,  the 
standard  deviation  between  this  estimated  noise  amplitude  and  the 
desired  noise  amplitude  is  computed  to  be  0.11  dB.  On  the  basis 
of  this  preliminary  result  it  was  judged  that  the  accuracy  of  the 
above  outlined  computational  technique  would  be  better  than  that 
necessary  for  the  required  purposes.  To  test  this  assumption,  a 
table  with  61  pairs  of  BER  versus  dispersion  values  was  computed 
using  the  above  techniques  and  used  for  bit  error  rate  prediction. 
The  BER  values  in  the  table  range  from  1 x 10~3  to  1 x 10“3.5 
with  five  BER  values  given  per  decade.  For  observed  dispersion 
values  between  values  given  in  the  table,  the  predicted  BER  values 
were  determined  by  simple  linear  interpolation.  The  adequacy  of 
these  tables  combined  with  the  interpolation  process  became 
readily  apparent  when  the  predicted  and  measured  BER  values  were 
always  found  to  agree  closely  over  the  widest  range  of  test  con- 
ditions reasonably  attainable  in  the  laboratory. 

3.4.7  Table  Fitting  Technique  Development  Under  Field  Conditions 
3. 4. 7.1  Introduction 


The  table  fitting  technique  which  was  developed  under  laboratory 
conditions  worked  quite  accurately;  however,  several  factors 
changed  during  field  testing  which  made  this  laboratory  table 
inappropriate.  One  of  the  most  significant  parameters  which 
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TABLE  3-3.  BER  COMPUTATIONS 


Measured 

a/d 

Estimate  1 
d/Ne 

Computed 
from  a/d 

Measured 

BER 

Es  ..m  n.te  2 
ci/hUER 
Computed 
from  BER 

20log  10 

(NBER/Ne) 

8.522 

4.1208 

5.7 

E-03 

2.8308 

3.2616  dB 

7.477 

4.9047 

1.55 

E-0  3 

3.3246 

3.3774  dB 

6.971 

5.3568 

5.3 

E-04 

3. 7037 

3.2053  dB 

6.019 

6.5655 

3.85 

E-05 

4.5445 

3.1957  dB 

5.570 

7. 3475 

5.1 

E-06 

5.1231 

3.1321  dB 

4.942 

8.8160 

6.63 

E-08 

6.2113 

3.0418  dB 

4.647 

9.7295 

4.8 

E-09 

6.7924 

3.1214  dB 

4.360 

10.820 

2.3 

E-10 

7.4114 

3.2868  dB 

Mean 

= 3.20 

dB 

Standard 

Deviation  = 0.11 

db 

changed  was  the  intersymbol  interference  measuring  parameter, 

AIDR.  Several  factors  which  can  cause  a change  in  the  inter- 
symbol interference  of  the  three-level  eye  pattern  are  changes 
in  the  amplitude  and  phase  versus  frequency  response  of  the 
channel,  change  of  signal  amplitude  into  the  multiplexer  receiver, 
variations  from  transmitter  to  transmitter  and  receiver  to 
receiver,  variations  v/ith  temperature  or  time  for  a given  re- 
ceiver, and  even  changes  in  the  transmitter  and  receiver  designs. 
Since  changes  in  most  of  these  factors  not  only  occurred  but  were 
detected  during  BEti  testing  at  Ft.  Huachuca,  there  was  ample 
motivation  and  practice  to  improve  on  the  laboratory  developed 
table  fitting  techniques  described  previously.  The  final  tables 
resulting  from  both  techniques  are  essentially  identical;  however, 
the  field  developed  technique  requires  a smaller  number  of  steps 
to  reach  the  same  end  result.  The  field  developed  technique  also 
avoids  the  use  of  the  digital  computer  programs  in  the  field  by 
assuming  that  tables  showing  the  theoretical  dispersion  values, 
a/d,  for  all  of  the  desired  BER  values  have  been  printed  out  and 
are  available  for  all  intersymbol  interference  values,  AIDR, 
which  will  be  encountered.  The  field  procedure  requires  the 
identification  of  the  amplitudes  of  only  two  constants:  the 
intersymbol  interference  amplitude,  AIDR,  and  an  effective  noise 
to  dispersion  slope  ratio,  k3,  similar  to  the  constant,  k2, 
used  in  the  laboratory  fitting  procedure. 


89 


In  the  field,  as  in  the  laboratoiry,  a summing  amplifier  is  in- 
serted in  the  path  between  the  multiplexer  transmitter  and  re- 
ceiver so  that  Gaussian  noise  may  be  injected  in  order  to  measure 
the  variation  of  BER  versus  added  noise.  Fortunately,  it  was 
possible  to  develop  a procedure  which  makes  it  unnecessary  to 
know  the  amplitude  of  the  summed-in  noise  relative  to  the  signal 
amplitude,  Ng/d,  or  even  the  gain  of  the  path  through  which  the 
added  noise  passes  before  being  summed  in  with  the  signal.  The 
required  data  for  computing  the  values  of  AIDR  and  k3  consists 
of  several  sets  of  three  numbers  each  in  which  the  first  number 
indicates  the  amplitude  of  the  suraaed-in  noise  measured  with 
some  unknown  but  constant  scale  factor;  the  second  number  indi- 
cates the  dispersion  value,  a/d,  measured  at  that  noise  condition; 
and  the  third  number  is  the  corresponding  BER  measurement. 

3. 4. 7.  2 Determination  of  AIDR 


The  first  step  in  the  AIDR  determination  is  to  plot  the  observed 
dispersion  values,  a/d,  versus  the  corresponding  added  noise 
measurements.  If  these  points  are  connected  by  a smooch  curved 
line,  the  result  should  look  very  much  like  the  upper  solid  curve 
in  Figure  3-16.  As  was  explained  previously.  Equation  99  was 
used  to  subtract  out  the  effect  of  the  background  channel  and 
intrinsic  noise,  Nj^,  so  that  the  adjusted  data  points  would  fall 
on  a straight  line  such  as  the  upper  dashed  line  in  Figure  3-16. 

To  perform  this  transformation  using  Equation  99,  it  was  necessary 
to  determine  the  values  of  three  constants;  the  relative  inter- 
symbol interference  amplitude,  AIDR,  the  relative  intrinsic  noise 
amplitude,  N^/d,  and  a dispersion  to  noise  slope  ratio,  k.  The 
values  of  these  parameters  were  arrived  at  by  the  iterative  proc- 
ess of  using  the  new  parameter  set  in  Equation  99  to  compute  a 
new  set  of  adjusted  data  points,  plotting  these  points,  and  ad- 
justing the  estimated  parameter  values  to  improve  the  fit.  The 
only  parameter  value  in  the  above  set  needed  for  the  field  curve 
fitting  technique  is  AIDR;  therefore,  an  iterative  curve  fitting 
technique  was  developed  in  which  only  one  parameter,  AIDR,  is 
used.  Only  one  equation.  Equation  106,  is  needed  for  the  field 
technique;  however,  since  it  may  be  helpful  to  understand  the 
derivation  of  this  equation,  that  derivation  is  presented  here. 

A useful  equation  which  fits  all  but  the  top  portion  of  the  ob- 
served dispersion  versus  added  noise  characteristic  (upper  solid 
line  in  Figure  3-16)  can  be  obtained  by  substituting  Equation  96 
into  Equation  97. 

a/d  = AIDR  + k/  (N^/d)^  + (N^/d)  ^ (102) 

Notice  that  Equation  102  contains  three  parameters  of  unknown 
amplitudes,  AIDR,  k,  and  Ni/d,  not  to  mention  the  unknown  scale 
factor  on  the  Ng/d  measurement.  The  Nj^/d  term  can  be  evaluated 
in  terms  of  other  parameters  by  taking  advantage  of  the  fact  that 
when  the  amplitude  of  the  added  noise,  Ng , is  equal  to  zero,  the 
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second  term  on  the  right  hand  side  of  Equation  102  reduces  to 
k(Ni/d).  To  take  advantage  of  tliis  simplification,  one  of  the 
sets  of  data  points  for  calibration  a always  a measurement  of 
the  dispersion  amplitude,  a/d,  with  i ■.  noise  added.  The  BER 
measurements  taken  under  this  conditxon  .vere  generally  so  close 
to  zero  as  to  be  inaccurate  and,  therefore,  were  of  little  or  no 
value  for  curve  fitting  purposes.  By  \ising  the  symbol  AQ  to 
represent  the  amplitude  of  tne  a/d  measurement  made  when  the 
added  noise  amplitude  was  equal  to  0,  substituting  Aq  into 
Equation  102,  setting  Ng  equal  to  zero,  and  simplifying,  the 
following  relationship  is  obtained. 

Aq  = ta/dlNg=0]  = AIDR  + k(N^/d)  (103) 

The  value  of  the  intrinsic  noise  dependent  expression  can  be 
solved  for  in  terms  of  two  other  parameters:  Aq,  the  zero  noise 
dispersion  measure.ment , and  AIDR,  the  parameter  value  which  is 
to  bt.'  solved  for  iteratively. 

kdJ^/d)  = Aq  - AIDR  (104) 

Substituting  the  equality  in  Equation  104  into  Equation  99  and 
multiplying  both  sides  by  the  factor,  k,  yields  the  following 
result . 

k(Ng/d)  = /[  (a/d) -AIDR]'"  - IAq-AIDR]^  (105) 

The  left  hand  side  of  Equation  105  is  equal  to  a constant  times 
the  amplitude  of  the  summed-in  noise;  therefore,  if  the  amplitude 
of  the  right-hand  side  is  evaluated  correctly  at  the  data  points 
and  these  values  are  plotted  against  the  amplitude  of  the  summed- 
in  noise,  these  new  points  should  fall  in  a straight  line. 
Everything  necessary  to  evaluate  the  right-hand  side  of  Equation 
105  is  already  known  except  the  cimplitude  of  the  AIDR  parameter 
which  may  be  determined  by  the  iterative  process  of  guessing 
different  values  until  an  AIDR  value  is  found  which  will  make  the 
computed  values  of  the  right-hand  side  of  Equation  105  fall  in 
a straight  line  when  plotted  against  the  amplitude  of  the  added 
noise.  Thus,  the  amplitude  of  the  AIDR  parameter  could  be  deter- 
mined by  using  Equation  105;  however,  in  practice,  it  is  proven 
to  be  more  convenient  to  use  tlie  slightly  more  complicated  ex- 
pression in  Equation  106  which  can  be  obtained  from  Equation  105 
by  adding  the  term  AIDR  to  both  sides.  At  the  zero  noise  point, 
a/d  is  equal  to  Aq  so  the  right-hand  side  of  Equation  105  is 
equal  to  zero  and  that  of  Equation  106  is  equal  to  AIDR;  there- 
fore, when  a family  of  curves  is  plotted  for  several  AIDR  ratios, 
the  curves  plotted  using  Equation  106  all  start  (at  zero  noise) 
from  their  respective  AIDR  values,  so  there  is  no  need  to  label 
which  curve  goes  with  which  AIDR  value  as  there  would  be  if 
Equation  105  had  been  used. 
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k(Ng/d)+AIDR  = AIDR  + /[  (a/d) -AIDR]  ^ - [Aq-AIDR]  ^ (106) 

The  step  by  step  procedure  for  using  Equation  106  to  determine 
the  value  of  the  AIDR  parameter,  given  measurements  of  a/d  and 
BER  for  various  values  of  added  noise  including  zero,  starts  with 
a plotting  of  the  dispersion  measurements  versus  added  noise, 
which  should  give  a result  similar  to  the  upper  solid  line  in 
Figure  3-16.  The  next  step  is  to  lay  a straight  edge  along  the 
side  of  this  newly  plotted  line  and  adjust  this  straight  edge  to 
estimate  the  location  which  the  straight  line  dispersion  versus 
noise  curve  will  take  when  the  effect  of  the  intrinsic  noise  has 
been  subtracted  out  by  the  use  of  Equation  106.  The  dispersion 
value  given  by  this  straight  line  estimate  for  zero  added  noise 
is  used  for  the  initial  estimate  of  the  AIDR  parameter  amplitude. 
Given  this  initial  AIDR  estimate  and  the  measured  amplitude  Aq  of 
the  zero  noise  dispersion  from  the  test  data,  the  only  variable 
on  the  right-hand  side  of  Equation  106  is  the  dispersion  ampli- 
tude, a/d.  The  right-hand  side  of  Equation  106  is  evaluated  at 
each  plotted  value  of  a/d  and  the  resulting  value,  the  adjusted 
dispersion,  is  plotted  directly  under  the  measured  dispersion 
for  each  data  point.  A line  is  now  drawn  through  these  data 
points  which  has  a zero  noise  dispersion  amplitude  equal  to  the 
assumed  AIDR  amplitude.  If  the  assumed  AIDR  amplitude  was  cor- 
rect, the  resulting  curve  should  look  like  the  upper  dashed 
straight  line  in  Figure  3-16.  If  the  adjusted  dispersion  curve 
is  still  concave  upward  in  the  low  noise  region,  similar  to  the 
unadjusted  dispersion  curve,  a smaller  amplitude  for  AIDR  should 
be  assumed  for  the  next  iteration.  If  the  resulting  curve  is 
concave  downward,  a larger  AIDR  value  should  be  tried.  Laying  a 
straight  edge  along  the  adjusted  curve  to  obtain  a revised  AIDR 
estimate  has  been  found  to  produce  such  accurate  estimates  that 
this  iterative  procedure  usually  converges  to  a solution  in  only 
two  or  three  iterations. 

3.4. 7.3  Determination  of  kg 


Having  determined  the  amplitude  of  the  AIDR  parameter,  the  next 
and  last  parameter  value  to  be  determined  is  that  of  the  slope 
ratio,  k3.  It  may  be  noted  that  the  two  straight  dashed  line 
characteristics  in  Figure  3-16  both  have  the  same  zero  noise 
dispersion  noise  amplitude  but  that  they  have  different  slopes. 
In  the  laboratory  curve  fitting  procedure,  not  only  were  both  of 
these  slopes  identified,  but  also  a slope  constant  of  approxi- 
mately 3 dB  was  identified  to  adjust  for  the  fact  that  the  mea- 
sured multiplexer  BER  values  corresponded  with  noise  levels 
approximately  3 dB  higher  than  the  theoretical  noise  levels  in- 
dicated by  the  dispersion  measurements.  This  two-step  procedure 
was  appropriate  in  the  laboratory  where  each  individual  step  was 
carefully  checked  against  additional  empirical  measurements; 
however,  data  for  checking  these  intermediate  results  could  not 
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conveniently  be  taken  in  the  field  and  would  have  been  irrc levant 
if  taken  because  the  correctness  of  the  intermediate  operations 
in  the  BEIl  had  already  been  established. 

For  the  field  procedure,  the  only  result  sought  is  a table  of  61 
preselected  BER  values,  each  paired  with  the  dispersion  measure- 
ment corresponding  with  that  value.  Tnerefore,  the  field  pro- 
cedure bypasses  the  intermediate  steps  of  computing  the  theoret- 
ical N/d  ratio,  and  then  the  effective  N/d  ratio  needed  to  ob- 
tain the  observed  BER  value  and  goes,  instead,  directly  from  the 
observed  a/d  ratio  to  the  a/d  ratio  which  the  computer  tables 
indicate  as  corresponding  with  the  observed  BER  value.  For  con- 
venience, the  term,  (a/d)BER,  will  be  used  to  represent  the  dis- 
persion amplitude  which  the  nine-level  eye  computer  math  model 
would  show  as  corresponding  with  the  observed  bit  error  rate  for 
the  assumed  AIDR  value. 

A 

(a/d)ggj^  = [a/d  I BER  (a/d,  AIDR)  from  computer  table 

= observed  BER]  (10  7) 

Notice  that  at  this  point  in  the  field  curve  fitting  procedure 
the  value  of  the  AIDR  parameter  has  already  been  determined; 
which  means  that  we  are  now  dealing  with  a single  computer  print- 
out table  rather  than  a family  of  tables.  Also,  fcr  the  two 
straight  line  dispersion  versus  noise  plots  in  Figure  3-16,  notice 
that  when  the  AIDR  constant  is  subtracted  from  the  dispersion  that 
the  dispersion  varies  linearly  with  the  noise  amplitude.  There- 
fore, if  the  effective  noise  in  terms  of  BER  performance  is  1.4 
times  larger  than  the  noise  corresponding  with  the  measured  dis- 
persion, then  the  dispersion  corresponding  with  this  effective 
noise  will.be  1.4  times  further  from  the  AIDR  value  than  the 
original  dispersion  was.  If  this  1.4  factor  is  represented  by 
the  symbol,  c,  then  the  above  statement  can  be  represented  in 
mathematical  form  as  follows. 

observed  " AIDR] /[  (a/d)  - AIDR]  (108) 

Three  parameter  values  appear  in  the  right-hand  side  of  Equation 
108:  AIDR,  which  was  determined  previously;  (a/d) observed r which 
is  the  observed  dispersion  value  for  a given  added  noise  ampli- 
tude; and  (a/d)Bi:Rr  which  is  the  dispersion  value  given  by  the 
nine-level  eye  computer  program  for  the  observed  error  rate,  BER. 
Using  Equation  108,  the  amplitude  of  the  slope  ratio  coefficient, 
c,  can  be  computed  from  the  data  obtained  under  several  added 
noise  conditions.  Ideally,  all  of  these  values  of  c will  be 
identical;  however,  as  may  be  seen  by  examining  the  similar  cal- 
culations performed  in  Table  3-3,  these  various  slope  ratios  are 
very  close  to  each  other  but  are  not  quite  equal.  These  multiple 
values  for  the  slope  coefficient,  c,  may  be  converted  to  dB  and 
averaged  as  was  done  in  Table  3-3,  or  the  same  results  can  be 
obtained  by  performing  the  geometric  mean  computation  in  which 
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all  n different  values  of  c are  multiplied  together  and  then  the 
nth  root  is  taken  as  shown  in  Equation  109. 


(109) 


The  average  slope  thus  obtained  will  be  represented  by  the  symbol, 
k3,  which  will  be  used  to  produce  the  desired  dispersion  tcibles. 
Notice  that  both  the  actual  dispersion  versus  noise  character- 
istics and  the  computer  model  dispersion  versus  noise  character- 
istics depart  from  the  straight  line  approximation  used  in  Equa- 
tion 108  at  the  higher  noise  levels,  as  may  be  seen  by  inspecting 
Figure  3-16.  Therefore,  values  for  the  slope  coefficient,  c, 
which  are  obtained  from  Equation  108  using  observations  involving 
large  dispersion  amplitudes  will  be  found  to  vary  appreciably 
from  the  rather  consistent  values  obtained  using  test  data  in 
which  lower  dispersion  amplitudes  were  involved.  Only  the  con- 
sistent values  for  the  slope  coefficient,  c,  should  be  used  in 
Equation  109  to  compute  the  value  of  the  coefficient,  k3. 

3. 4. 7. 4 Computation  of  the  Performance  Prediction  Table 


As  stated  previously,  once  the  value  of  the  parameter,  AIDR,  is 
known,  a computer  printout  is  obtained  for  that  AIDR  value  and 
this  computer  printout  already  has  the  61  desired  BER  values. 
However,  the  dispersion,  a/d,  values  corresponding  with  these 
61  BER  values  must  be  adjusted  to  compensate  for  the  fact  that 
the  real  multiplexer  equipment  suffers  from  degradations  which 
are  not  present  in  the  ideal  nine-level  eye  computer  math  model. 
The  required  equation  for  performing  this  adjustment  can  be  ob- 
tained by  solving  Equation  108  for  the  parameter,  (a/d) observed* 


observed  = ^ 


(110) 


In  its  original  form  Equation  110  was  used  to  compute  the  value 
of  the  slope  coefficient,  c,  given  the  dispersion  observation, 
(a/d) observed?  however,  when  the  previously  unknown  value  of  the 
slope  coefficient,  c,  is  replaced  by  the  known  slope  coefficient, 
k3,  the  equation  can  now  be  used  to  compute  the  values  of  the 
dispersion  observations,  (a/d) observed/  which  are  needed  to  con- 
struct the  new  bit  error  rate  versus  dispersion  table. 


(a/d) , 


table  = + ’^3t(^/'i>BER  " 


(111) 


For  each  of  the  61  bit  error  rates  in  the  computer  printout  for 
the  specified  AIDR  value,  Equation  111  can  be  used  to  compute 
the  dispersion  value  for  the  new  performance  prediction  table, 
(a/d) new  table#  from  the  theoretical  dispersion  value  in  the 
computer  printout,  (a/d)BER*  was  mentioned  previously,  for 

large  dispersion  values,  the  dispersion  versus  noise  character- 
istics depart  from  the  straight  line  approximation  as  shown  in 
Figure  3-16. 
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VJhen  this  departure  occurs,  the  value  of  c determined  by  Equation 
108  begins  to  vary  from  its  asymptotic  value,  k3,  so  that  Equa- 
tion 111  is  no  longer  accurate.  This  situation  did  not  occur 
during  the  preparation  of  the  laboratory  prediction  tables  be- 
cause the  VI COM  multiplexer  error  rate  reached  the  10“ 3 upper 
BER  limit  of  the  table  before  the  curve  siiown  in  Figure  3-16  ex- 
ceeded a dispersion  amplitude,  a/d,  of  0.73.  All  of  the  labora- 
tory testing  was  done  using  only  FKV  (Frankfurt,  Koenigstuhl,  and 
Vaihingen)  type  VICOM  multiplexer  boards;  however,  in  the  field 
testing  at  Ft.  Huachuca,  revised  DEB  (Digital  European  Backbone) 
type  VICOM  multiplexer  boards  were  encountered.  Normally,  if  the 
BEM  is  to  be  used  to  predict  DEB  type  multiplexer  performance, 

DEB  type  multiplexer  receiver  boards  should  be  used  in  the  BEM. 
However,  it  was  not  convenient  to  change  these  boards  during 
field  testing,  so  in  this  case,  FKV  type  boards  inside  the  BEM 
were  used  for  predicting  the  performance  of  multiplexers  using 
DEB  type  boards.  Since  the  DEB  boards  were  considerably  superior 
to  the  FKV  boards,  the  10~3  beR  performance  occurred  at  a much 
higher  BEM  dispersion  level  than  it  did  in  the  laboratory  tests. 
Because  of  this  board  mismatch,  which  caused  the  BEM  to  be  used 
at  a higher  than  normal  dispersion  level,  and  because  of  the 
presence  of  phase  jitter  which  caused  the  dispersion  versus  noise 
slope  to  be  greater  than  normal  at  high  dispersion  values  (as 
explained  in  paragraph  3. 4. 5. 3),  the  BEM  dispersion  values  began 
to  depart  from  the  straight  line  math  model  used  in  Equation  111 
for  dispersion  values  larger  than  0.75.  Equation  111  worked 
satisfactorily  for  all  observed  dispersion  values  equal  to  or 
less  than  0.75.  Very  little  effort  was  required  to  obtain  the 
proper  performance  table  values  for  dispersions  greater  than  0.75 
for  two  reasons.  First,  there  were  not  many  dispersion  points  in 
the  table  with  amplitudes  greater  than  0.75.  Second,  the  error 
rates  associated  with  these  large  dispersion  values  were  so  large 
that  very  little  time  was  needed  to  obtain  accurate  error  rate 
measurements.  If  the  BEM  had  used  the  same  improved  quality 
receiver  boards  that  were  used  in  the  multiplexer,  it  is  ex- 
pected that  there  would  have  been  few,  if  any,  values  in  the  per- 
formance table  which  could  not  have  been  adequately  determined 
by  using  Equation  111.  In  the  laboratory,  where  the  same  types 
of  boards  were  used  both  in  the  BEM  and  the  multiplexer,  the 
straight  line  math  model  assumed  in  Equation  111  was  used  to 
compute  every  dispersion  value  in  the  performance  table  with  ex- 
cellent results. 

The  following  example  is  presented  in  order  to  illustrate  the 
method  of  developing  a table  of  derivied  BER  versus  dispersion. 
The  data  in  Table  3-4  is  actual  data  from  the  Ft.  Huachuca  field 
test. 
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TABLE  3-4.  BEM  TEST  DATA 


Dispersion  Voltage 

Noise/Siqnal 

BER 

-3.98 

0.002 

<10-8 

-4.29 

0.0  32 

<10-2 

-4.90 

0.0586 

2 X 10-8 

-5.10 

0.0649 

2.1  X 10“7 

-5.30 

0.0715 

5.5  X 10-‘7 

-5.60 

0.0774 

2.5  X 10-8 

-5.73 

0.0892 

4.9  X 10-2 

-6.21 

0.104 

3.1  X 10-5 

The  data  presented  in  Table 
purpose  of  plotting  the  data 

3-4 

is 

is  plotted  in 
to  determine 

Figure  3-17. 
the  AIDR  value 

using  Equation  106  and  assumed  values  of  AIDR  until  the  resulting 
data  plot  is  a straight  line.  Using  a straight  edge,  the  first 
assumed  value  of  AIDR  is  seen  to  be  equal  to  0.3.  Using  the 
assumed  value  of  AIDR  = 0.3,  solve  Equation  106  at  the  dispersion 
points  listed  in  Table  3-4  for  dispersion  values  up  to  6.21 
volts . 

K(Ng/d)  + AIDR  = AIDR  + /(Disp  - AIDR)  ^ - (Aq-AIDR)  ^ 

Aq  = 0.398  (the  "no  noise  added"  point  rf  intersection  with 
the  Dispersion  axis) 

AIDR  = 0.3  (assumed) 

The  resulting  data  is  plotted  in  Figure  3-17  and  has  an  inter- 
section on  the  dispersion  axis  at  0.3.  Similar  plots  are  made 
for  AIDR  = 0.2  and  AIDR  = 0.1.  The  AIDR  = 0.2  is  a straight 
line,  hence  the  AIDR  = 0.2  table  will  be  used  to  derive  the  dis- 
persion versus  BER  table.  Note  that  the  AIDR  =0.3  curve  is 
concave  upward  indicating  a lower  value  AIDR  should  be  tried  and 
the  AIDR  =0.1  curve  is  concave  downward  indicating  that  a higher 
value  AIDR  should  be  tried. 

The  next  step  after  determining  AIDR  is  to  determine  the  constant 
necessary  to  relate  the  field  data  with  the  theoretical  results. 
Using  the  AIDR  = 0.2  table  and  Equation  108 

C = [(Disp)^j^3^^^^^-AIDR)/((Disp)3gj^-AIDR], 
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compute  the  constant.  Solving  Equation  108,  C = 0.781.  The 
table  can  now  be  prepared  using  empirical  data  for  BER  > 10~5 
and  Equation  111  (Diapj^ew  = AIDR  + C ( ( Disp) beR'AIDR]  for  BER 
<.  10“5.  The  resulting  table  is  shown  in  Table  3-5. 


TABLE  3-5.  DISPERSION  VERSUS  DERIVED  BER 
Dispersion  Derived  BER  Dispersion  Derived  BER 


-9.62 

1.0 

X 

10-3 

-4.52 

6.3 

X 

10-10 

-8.15 

6.3 

X 

10-4 

-4.48 

4.0 

X 

10-10 

-7.60 

4.0 

X 

10-4 

-4.44 

2.5 

X 

10-10 

-7.20 

2.5 

X 

10-4 

-4.41 

1.6 

X 

10-10 

-6.86 

1.6 

X 

10-4 

-4.38 

1.0 

X 

10-10 

-6.76 

1.0 

X 

10-4 

-4.35 

6.3 

X 

10-11 

-6.59 

6.3 

X 

10-5 

-4.32 

4.0 

X 

10-11 

-6.42 

4.0 

X 

10-5 

-4.29 

2.5 

X 

10-11 

-6.32 

2.5 

X 

10-5 

-4.26 

1.6 

X 

10-11 

-6.05 

1.6 

X 

10-5 

-4.23 

1.0 

X 

10-11 

-5.90 

1.0 

X 

10-5 

-4.20 

6.3 

X 

10-12 

-5.79 

6.3 

X 

10-6 

-4.18 

4.0 

X 

10-12 

-5.68 

4.0 

X 

10-6 

-4.15 

2.5 

X 

10-12 

-5.58 

2.5 

X 

10-6 

-4. 12 

1.6 

X 

10-12 

-5.49 

1.6 

X 

10-6 

-4. 10 

1.0 

X 

10-12 

-5.40 

1.0 

X 

10-6 

-4.08 

6.3 

X 

10-13 

-5.33 

6.3 

X 

10-7 

-4.06 

4.0 

X 

10-13 

-5.25 

4.0 

X 

10-7 

-4.03 

2.5 

X 

10-13 

-5.18 

2.5 

X 

10-7 

-4.01 

1.6 

X 

10-13 

-5. 12 

1.6 

X 

10-7 

-3.99 

1.0 

X 

10-13 

-5.05 

1.0 

X 

10-7 

-3.97 

6.3 

X 

10-14 

-4.99 

6.3 

X 

10-6 

-3.95 

4.0 

X 

10-14 

-4.94 

4.0 

X 

10-8 

-3.93 

2.5 

X 

10-14 

-4.87 

2.5 

X 

10-8 

-3.91 

1.6 

X 

10-14 

-4.83 

1.6 

X 

10-8 

-3.89 

1.0 

X 

10-14 

-4.78 

1.0 

X 

10-8 

-3.87 

6.3 

X 

10-15 

-4. 72 

6.3 

X 

10-9 

-3.86 

4.0 

X 

10-15 

-4.69 

4.0 

X 

10-9 

-3.84 

2.5 

X 

10-15 

-4.64 

2.5 

X 

10-9 

-3.82 

1.6 

X 

10-15 

-4.60 

1.6 

X 

10"^ 

-3.80 

1.0 

X 

10-15 

-4.56 

1.0 

X 

10-9 

3. 4. 7. 5 The  Use  of  PAR  Performance  Tables 


During  the  Ft.  Huachuca  testing,  four  of  the  new  DEB  multiplexer 
transmitter  cards  were  tested  in  conjunction  with  four  of  the  new 
DEB  multiplexer  receiver  cards  in  all  combinations  to  determine 
whether  it  would  be  necessary  to  construct  separate  tables  for 
each  pair  of  boards  or  whether  a single  performance  table  could 
be  used  for  the  entire  set.  It  was  discovered  that  two  of  these 
transmitter  boards  were  significantly  better  than  the  other  two 
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and  approximately  equivalent  to  each  other.  The  same  statement 
was  found  to  be  true  regarding  two  of  the  four  receiver  boards. 
When  either  of  these  two  receiver  boards  was  used  with  either  of 
the  two  transmitter  boards  (making  four  possible  combinations) , 
approximately  the  same  error  rate  Vv^rsus  noise  performance  was 
obtained.  A performance  table  was  prepared  based  on  tests  run 
with  a single  pair  of  these  boards  and  then  this  table  was  shown 
in  further  testing  to  give  adequate  performance  prediction  for 
all  four  combinations  of  up  to  par  boards.  This  was  then  called 
a PAR  Performance  Table,  indicating  that  if  everything  in  the 
system  is  up  to  par  the  system  performance  will  be  equal  to  the 
predicted  performance . When  one  or  more  of  the  sub-par  boards 
was  inserted  into  the  system,  the  observed  BER  performance  was 
poorer  than  the  predicted  performance  for  a PAR  system.  It  was 
further  concluded  that  the  use  of  a single  PAR  Table  for  a sys- 
tem should  be  given  preference  over  the  use  of  a separate  table 
for  each  multiplexer  transmitter  and  receiver  pair  for  two 
excellent  reasons.  First,  it  is  much  easier  to  compute,  catalog, 
file,  recall,  and  update  a single  table  than  it  is  to  maintain  a 
library  of  tables  with  a different  table  for  each  multiplexer 
transmitter  and  receiver  board  combination.  Second,  the  use  of 
a single  PAR  Performance  Table  will  reveal  inferior  boards  for 
what  they  are — inferior — rather  than  disguising  this  inferi- 
ority by  comparing  the  performance  of  each  board  combination  only 
against  it's  previous  performance  so  that  bad  combinations  are 
awarded  a handicap  advantage  which  makes  them  look  as  good  rela- 
tive to  BEM  predictions  as  PAR  boards  would  look. 

The  BEM  monitors  the  received  signal  rather  than  the  receiver; 
therefore,  it  should  tell  what  the  receiver  should  be  doing 
rather  than  what  the  receiver  is  doing.  If  a transmitter  is 
below  par,  a BEM  using  a PAR  Table  will  indicate  the  resulting 
deficiency  in  the  receiver  signal  quality;  however,  the  BEM  has 
no  way  of  detecting  whether  the  receiver  is  even  turned  on.  Thus, 
the  concept  of  adjusting  the  BEM  prediction  tables  to  fit  differ- 
ent receivers  seemed  inappropriate  and  the  concept  of  using  a 
single  PAR  Performance  Table  seems  to  be  not  only  the  easiest 
technique  to  implement  but  also  the  technique  which  yields  the 
most  meaningful  results. 
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3«4.8  Theory f Testing,  and  Use  of  the  Hit  Counter 


3. 4. 8.1  Hit  Probeibility  Versus  BER  Derivations 

The  mathematics  of  the  hit  counter  pseudo  error  threshold,  K,  are 
extremely  similar  to  those  of  the  dispersion  loop  pseudo  error 
threshold,  a/d.  The  locations  of  these  two  thresholds  are  shown 
in  Figure  3-11.  The  dispersion  loop  pseudo  error  threshold  is 
located  at  a distance,  a volts,  above  the  lower  eye  pattern  level, 
and  the  hit  counter  pseudo  error  threshold  is  located  at  a dis- 
tance, Kd  volts,  above  the  center  eye  pattern  level.  The  dis- 
persion loop  pseudo  error  threshold,  a is  adjusted  by  a control 
loop  which  holds  the  pseudo  error  rate  constant  in  the  pseudo 
error  zone  from  -(2d-a)  to  -d  volts.  On  the  other  hand,  the  off- 
set threshold  voltage,  Kd,  of  the  hit  counter  pseudo  error  zone 
has  a fixed  value  which  is  set  by  selected  resistors.  Therefore, 
the  parameter,  K,  for  the  hit  counter  pseudo  error  loop  is  a con- 
stant while  the  pseudo  error  rate  for  that  loop,  P [HIT] , is  a 
variable.  Following  the  same  procedure  which  was  used  for  deter- 
mining the  dispersion  loop  pseudo  error  rate,  PERI;  the  hit 
counter  pseudo  error  rate,  P[HIT] , is  computed  by  multiplying  the 
probability  of  each  submitted  eye  pattern  level  occurring  by 
the  probability  that  the  received  voltage  will  lie  in  the  hit 
counter  pseudo  error  region  between  K volts  and  d volts  given 
that  the  specified  eye  pattern  level  did  occur,  and  summing  these 
resulting  joint  probability  products  over  all  possible  trans- 
mitted levels  to  obtain  the  average  hit  counter  pseudo  error 
probability,  P[HIT],  for  all  typical  random  data  patterns.  These 
operations  are  performed  below  in  Equation  113  in  which  the 
effect  of  each  of  the  nine  levels  in  the  nine-level  eye  pattern 
is  shown  on  a separate  line. 


R = AIDR 


(112) 


P[HIT]  = (1/16) 


{ Q [ ( 1+R  ) d/N] 

+2Q[(1  )d/N] 

+Q[(1-R  )d/N] 

+2Q[(K-R  )d/N] 

+4Q[(K  )d/N] 

+2Q[(K+R  )d/N] 

+ Q[ (2+K-R) d/N] 
+2Q[(2+K  )d/N] 

+ Q[ (2+K+R) d/N] 


Q[ (2-K+R)d/N] 
2Q[(2-K  )d/N] 

Q[  (2-K-R)  d/N] 
2Q[(1  -R)d/N] 


- 4Q[(1 


2Q[(3 

Q[(3 


)d/N] 


2Q[(1  +R)d/N] 

Q[(3  -R)d/N] 


)d/N] 
+R)  d/U]  } 


(113) 


By  combining  lilce  terms,  the  18  terms  in  the  above  equation  can 
be  combined  into  five  groups  of  three  terms  each  as  shown  below. 


P [HIT]  = (1/16)  { 2Q[(  K-R)d/N]+4Q[(  K)d/N]+2Q[(  K+R)d/N] 

- Q[(l  -R)d/N]-2Q[(1  )d/N]-  Q[(l  +R)d/N] 

- Q [ ( 2-K-R) d/N] -2Q [ ( 2-K) d/N] -2Q [ ( 2-K+R) d/N] 

+ Q[ (2+K-R) d/N] +2Q[ (2+K) d/N] + Q [( 2+K+R) d/N] 

- Q[(3  -R)d/N]-2Q[ (3  )d/N]-  Q[(3  +R) d/N] } (114) 


The  hit  counter  pseudo  error  rate  for  a three  level  eye  can  be 
• determined  from  Equation  114  by  setting  the  intersymbol  inter- 

ference amplitude,  AIDR,  which  is  represented  above  by  R,  equal 
to  0.  After  this  substitution,  the  15  terms  in  Equation  114  can 
be  merged  into  the  five  terms  shown  below. 

) 

P [HIT  I AIDR  = 0]  = (1/4)  {2Q[ (K)d/N]  - w[(l)d/N]  - Q[{2-K)d/N] 

+Q[(2+K)d/Nj  - Q[(3)d/N]}  (115) 

For  the  three-level  eye,  the  variation  of  the  hit  counter  pseudo 
error  probability,  P[HIT],  and  the  Baud  error  probability,  BER, 
can  be  determined  by  using  Equation  115  and  the  previously  de- 
rived Baud  error  probability  equation. 

BER  = (3/2)Q(d/N)  (116) 

Solving  the  above  equation  for  the  decision  level  to  noise  ratio, 
d/N,  produces  the  following  result  which  can  be  evaluated  with 
the  aid  of  an  extensive  table  of  probabilities  for  the  normal 
distribution  or  an  inverse  normal  computer  subroutine. 

j d/N  - q“^[(2/3)BER]  (117) 

The  hit  probability  versus  Baud  error  rate  characteristics  for  ' 

several  values  of  K are  shown  in  Figure  3-18.  These  character-  j 

istics  were  obtained  by  using  Equation  117  to  determine  the  values  | 

of  d/N  for  many  Baud  error  rates  in  a range  from  10“1  to  10”^®  ■ 

and  then  using  these  resulting  d/N  values  with  several  different  ' 

values  of  K in  Equation  115  to  determine  the  hit  probabilities  i 

for  those  conditions.  The  resulting  hit  probabilities  were  i 

plotted  against  Baud  rate  in  Figure  3-18,  and  the  points  for  each 
particular  value  of  K were  connected  by  smooth  lines  which  are  i 

almost  straight  except  in  the  lower  left  hand  corner.  j 

i 

3. 4. 8. 2 Selection  and  Laboratory  Testing  of  the  Hit  Counter  \ 

..  Threshold,  K j 

The  amplitude  of  the  hit  counter  threshold,  K,  is  set  by  calibra-  j 

tion  resistors  and  may  be  changed  if  this  is  found  to  be  desir-  2 

able;  however,  on  the  basis  of  a theoretical  analysis,  the  value  j 

was  initially  set  equal  to  0.85  which  has  worlced  well  enough  that  j 

no  additional  values  have  been  tested.  The  0.85  value  was  se- 
lected on  the  assumption  that  the  hit  counter  should  just  barely 
begin  to  detect  hits  when  the  Baud  error  rate  is  equal  to  10“12, 

The  counter  counts  the  number  of  pseudo  errors  occurring-  in  a 120 
second  tine  interval  at  a data  rate  of  12.5511  bits  per  second, 
which  means  there  are  about  1.5  x 10^  Baud  per  measurement  inter- 
val. To  obtain  an  average  of  one  pseudo  error  per  hit  counter 
interval,  the  hit  counter  pseudo  error  probability,  P [HIT] , would 
have  to  be  equal  to  6.6  x 10“^®.  A small  circled  point  is 
plotted  on  Figure  3-18  for  a hit  probability  of  6.6  x 10“10  and 
a Baud  error  rate  probability  of  10“12^  The  pseudo  error  versus 

1 

I 

I 
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Baud  error  curve  coming  closest  to  this  point  is  the  one  with  an 
offset  threshold  value,  K,  equal  to  0,85,  and  that  is  why  this 
value  was  selected.  During  laboratory  testing,  the  observed 
number  of  hits  per  interval  for  various  test  conditions  were  in 
agreement  with  the  theoretically  predicted  counts.  No  reason  for 
change  in  the  amplitude  of  K in  either  direction  could  be  found, 
so  it  was  left  at  0.85  for  field  testing. 

3. 4. 8. 3 Interpretation  of  Hit  Counter  Output 


The  hit  counter  and  dispersion  meter  are  quite  similar;  however, 
they  perform  different  functions  when  used  separately,  and  when 
the  outputs  of  these  two  devices  are  compared  with  each  other  an 
extra  dimension  of  fault  isolation  capability  becomes  available 
which  is  not  present  when  both  devices  are  used  simultaneously 
but  individually.  One  very  significant  difference  between  these 
two  measurements  is  that  the  hit  counter  has  a 120-second  aver- 
aging interval  whereas  the  dispersion  meter  has  a time  constant 
which  is  typically  a little  less  than  1 second.  Therefore,  the 
hit  counter  can  remember  impulses  and  dropouts  which  the  disper- 
sion meter  has  long  forgotten.  If  one  reads  out  the  dispersion 
value  only  once  in  several  minutes  and  each  value  represents  only 
about  a 1-second  sample,  a line  may  be  suffering  occasional  hits 
for  a long  period  of  time  before  a hit  finally  affects  one  of  the 
sampled  dispersion  readings.  The  hit  counter  is  less  forgiving. 
Thus,  even  if  the  hit  counter  and  dispersion  meter  were  making 
identical  measurements,  the  difference  in  their  averaging  times 
would  make  their  outputs  differ  both  in  appearance  and  in  utility 
for  various  functions. 


Theoretical  analysis  predicts  that  using  the  hit  counter  and  dis- 
persion meter  jointly  and  comparing  the  readings  should  yield 
valuable  diagnostic  information  for  fault  isolation.  For  example, 
if  the  channel  is  being  disturbed  by  Gaussian  noise,  then  the 
dispersion  meter  will  predict  the  Baud  error  rate  correctly  and 
the  hit  counts  versus  Baud  error  rate  will  follow  a known  char- 
acteristic such  as  that  shown  in  Figure  3-18  so  that  a particular 
dispersion  meter  Baud  error  rate  estimate  should  always  be 
accompanied  by  the  same  hit  counter  output  within  small  random 
error  limits.  In  a sense,  the  hit  counter  and  dispersion  meter 
working  together  can,  to  an  extent,  perform  the  test  for  Gaussian 
noise  which  previously  was  going  to  be  performed  by  using  two 
dispersion  meters  simultaneously  with  two  different  pseudo  error 
rates.  The  twin  dispersion  meter  technique  would  give  more  in- 
formation; however,  it  would  also  be  more  expensive.  Thus,  when 
the  dispersion  meter  and  hit  counter  outputs  are  compared  closely 
to  determine  whether  or  not  the  disturbance  is  normally  distrib- 
uted, a cheap  approximation  to  the  dual  threshold  dispersion 
meter  technique  is  being  employed. 


If  the  disturbance  is  caused  by  a low  amplitude  sine  wave  such  as 
one  of  the  beacons  often  present  in  the  radio  channels,  the  sine 
wave  amplitude  is  not  large  enough  to  cause  any  hits;  however, 
the  dispersion  meter  is  very  sensitive  to  this  type  of  channel 
degradation.  The  dispersion  meter  is  also  far  more  sensitive 
than  the  hit  counter  to  changes  in  the  frequency  response  of  a 
channel  which  alter  the  intersymbol  interference  of  the  data 
signal.  On  the  other  hand,  if  some  phenomenon  is  causing  narrow 
impulses  to  occur  in  the  communication  channel,  these  impulses 
may  be  so  narrow  as  to  produce  only  a few  pseudo  errors  each  and 
occur  at  a low  enough  rate  to  be  negligible  relative  to  the 
pseudo  error  rate  in  the  dispersion  meter,  which  is  several 
thousand  errors  per  second.  In  this  case,  the  impulses  would 
produce  a rather  substantial  effect  on  the  outputs  of  the  hit 
counter  but  be  essentially  negligible  as  far  as  the  dispersion 
output  is  concerned.  In  summary,  sine  waves  and  intersynribol 
interference  would  affect  the  dispersion  meter  far  more  than  the 
hit  counter,  normally  distributed  noise  would  affect  both  with  a 
known  relationship  such  as  that  shown  in  Figure  3-18,  and  narrow 
spikes  at  a fairly  low  frequency  would  have  very  little  effect  on 
the  dispersion  meter  and  a very  large  effect  on  the  hit  counter. 
These  relationships,  and  a few  others,  can  be  substantiated  by 
theoretical  analysis  after  making  some  plausible  assumptions; 
however,  the  real  proof  of  the  usefulness  of  making  correlations 
between  the  hit  counter  output  and  the  dispersion  meter  output 
will  be  obtained  only  by  actual  experience  in  the  field. 


3.5  BEM  CIRCUIT  BOARD  DESCRIPTIONS 

BEM  circuit  board  descriptions  are  presented  in  the  following 
paragraphs.  Refer  to  Schematics  and  Board  Assembly  Drawings. 

3.5.1  Circuit  Board  Description;  Interface  Unit  (A15) 

The  Interface  Unit  (A15)  is  one  of  two  modified  VICOH  boards  in 
the  BEM.  These  two  boards  (Al4  and  A15)  contain  the  circuits 
used  in  the  on-line  multiplexer  to  receive  the  radio  baseband 
signal,  filter,  provide  automatic  gain  control,  and  derive  a 
phase  locked  clock.  The  clock  is  derived  on  the  Receiver  Input 
board  (A14);  the  other  functions  are  provided  by  A15. 

A block  diagram  of  the  Interface  Unit  (A15)  is  shown  in  Figure 
3-19. 

The  partial  response  filter  provides  frequency  spectrum  shaping 
to  generate  the  three  level  partial  response  "eye  pattern"  that 
is  to  be  monitored  for  dispersion  and  hits. 

The  variable  gain  amplifier  and  automatic  gain  control  circuitry 
provides  amplification  of  the  eye  pattern  to  a somewhat  constant 
output  peak  amplitude.  This  output  signal,  VICOM  Eye,  is  trans- 
mitted to  the  Sample  and  Hold  board  (A5)  for  further  processing. 
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The  VICOM  Eye  signal  is  also  compared  to  a fixed  negative  voltage 
level  by  a voltage  comparator  to  detect  the  negative  outer  level 
of  the  VICOM  Eye  pattern.  The  comparator  output  signal.  Low 
Slicer,  is  transmitted  to  the  Receiver  Input  board  (A14)  for  use 
in  deriving  the  phase  locked  Baud  rate  clock. 

3.5.2  Circuit  Board  Description;  Receive  Input  (A14) 

The  Receive  Input  board  (A14)  is  one  of  two  modified  VICOM  boards 
used  in  the  BEM.  These  two  boards  (A14  and  A15)  contain  the 
circuits  used  in  the  on-line  multiplexer  to  receive  the  radio 
baseband  signal,  process  it,  and  derive  a phase  locked  Baud  rate 
clock.  The  function  of  the  Receive  Input  board  (Al4)  is  to  gen- 
erate the  phase  locked  clock. 

A block  diagram  of  the  Receive  Input  board,  shown  in  Figure  3-20, 
shows  this  circuitry  functions  as  a common  phase  locked  loop. 

The  function  of  IC-20,  a one  shot,  is  to  generate  a pulse  to  pro- 
duce a phase  update  when  indicated  by  the  Low  Slicer  signal  which 
comes  from  A15.  Adjustment  of  the  pulse  width  out  of  IC-20  is 
provided  by  R61  which  provides  for  limited  phase  shift  adjustment. 
This  is  adjusted  by  VICOM  to  compensate  for  manufacturing  vari- 
ability on  the  a14  board,  and  is  not  adjusted  for  use  in  the  BEM. 

3.5.3  Circuit  Board  Description;  Input  Relay  (A12  and  A13) 

Each  Input  Relay  board  is  an  analog  multiplexer  implemented  with 
relays  to  connect  one  of  five  analog  inputs  to  its  output.  It  is 
also  capable  of  switching  none  of  the  inputs  to  the  output  be- 
cause each  relay  switch  is  independently  controlled  with  external 
signals.  Two  Input  Relay  boards  are  used  in  the  BEM  assembly 
providing  a capability  of  selecting  one  of  ten  different  inputs. 

3.5.4  Circuit  Board  Description;  Input  Board  (All) 

The  Input  Board  (All)  provides  two  major  functions.  It  contains 
the  circuitry  for  measuring  the  RMS  voltage  amplitude  of  the  in- 
put signals  to  the  BEM  and  the  circuitry  to  provide  voltage  con- 
trolled phase  shift  for  the  phase  correction  loop.  Incidentally, 
it  also  provides  a location  to  electrically  connect  the  outputs 
of  the  two  Input  Relay  boards  (A12  and  Al3) . This  signal  is 
transmitted  to  the  Interface  Unit  (Al5) . 

A Burr  Brown  4130K,  R^lS  to  dc  voltage  converter  is  used  to  imple- 
ment the  RNiS  measurement.  Operational  amplifiers  at  locations 
IH  and  2l  are  also  part  of  this  circuit. 

The  voltage  controlled  phase  shifter  comprises  the  remaining 
circuitry  on  the  Input  Board. 
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The  outputs  of  the  Phase  Locked  Loop  Control  (AlO)  are  converted 
to  a control  voltage  by  the  digital  to  analog  converter  at  loca- 
tion IE.  This  voltage  is  compared  to  a clock  phase  related  ramp 
waveform  by  a voltage  comparator  at  location  1C.  The  ramp  is 
generated  for  one  half  of  the  VICOM  Clock  period  by  charging 
capacitor  C24  with  a current  source  implemented  with  Ql.  The 
output  of  the  current  source  is  shorted  by  Q2  during  the  other 
half  cycle  of  VICOM  Clock  to  reset  the  ramp. 

Various  fixed  time  delays  are  strap  selectable  using  integrated 
circuit  locations  2a  and  2B. 

Voltage  controlled  phase  is  provided  by  causing  the  voltage  com- 
parator at  1C  to  switch  at  different  voltages  of  the  ramp;  the 
switch  point  is  controlled  by  the  output  of  the  digital  to 
analog  converter  at  location  lE. 

The  flip-flop  at  location  2C  senses  the  transition  in  the  voltage 
comparator's  output  and  generates  the  falling  edge  of  the  phase 
controlled  clock  called  Flip-Flop  Bank  Clock. 

The  duty  cycle  of  the  clock  is  set  to  fifty  percent  using  the 
circuitry  involved  with  the  voltage  comparator  at  location  ID. 

That  is,  this  circuitry  provides  the  rising  edge  of  Flip-Flop 
Bank  Clock. 

This  is  implemented  by  allowing  C35  to  charge  for  one  half  cycle 
of  the  output  clock,  at  which  time  its  voltage  will  exceed  the 
reference  at  the  other  input  of  the  comparator.  The  compcirator 
will  then  trigger  and  reset  the  flip-flop  at  2C  and  cause  the 
rising  edge  in  Flip-Flop  Bank  Clock. 

3.5.5  Circuit  Board  Description;  Phase  Locked  Loop  Control  (AlO) 

The  Phase  Locked  Loop  Control  Board  (AlO)  contains  the  digital 
circuitry  that  provides  control  of  the  phase  shifter  on  All  to 
implement  automatic  phase  adjustment  of  the  VICOM  Clock  and  the 
Sampled  Eye. 

A block  diagram  of  Phase  Locked  Loop  Control  board  circuitry  is 
given  in  Figure  3-21. 

The  phase  locked  loop  updates  on  eye  pattern  zero  crossing  when 
the  crossing  is  preceded  one  Baud  earlier  by  an  outer  level  and 
followed  by  the  opposite  outer  level  one  Baud  later.  The  middle 
level  sample  is  processed  to  determine  if  the  clock  was  early  or 
late  relative  to  the  zero  crossing  and  a phase  update  is 
generated. 

This  is  implemented  by  the  Extreme  Transition  Detector  of  the 
block  diagram. 
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FIGURE  3-21.  PHASE  LOCKED  LOOP  CONTROL  BOARD  (AlO) 

BLOCK  DIAGRAM 


[ 
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The  individual  updates  are  integrated  over  time  to  generate  the 
control  signal  for  the  phase  shifter.  This  integration  is  accom- 
plished with  a binary  up/down  counter. 

Due  to  the  high  speed  of  this  operation  relative  to  available 
TTL  counters,  the  first  stages  of  the  counter  are  implemented 
using  Schottky  SSI  circuits. 

The  low  speed  counter  is  updated  every  third  clock  period  of 
Flip-Flop  Bank  Clock  by  interface  circuits  under  control  of  the 
Clock  Generator  circuits. 

The  output  of  the  control  circuits  are  twelve  parallel  TTL 
signals  that  control  the  digital  to  analog  converter  of  the 
phase  shifter  on  board  All. 

The  offset  control  loop  also  updates  on  the  same  zero  crossing 
used  in  the  phase  locked  loop.  Therefore,  circuitry  to  inter- 
face the  offset  loop  to  the  processed  data  available  in  the  phase 
locked  loop  is  contained  on  this  board.  The  transfer  of  offset 
updates  to  the  offset  control  loop  is  performed  under  clock  con- 
trol from  the  offset  loop  using  OFFSET  CLOCK.  The  offset  updates 
are  transferred  every  sixteenth  occurrence  of  Flip-Flop  Bank 
Clock. 

3.5.6  Circuit  Board  Description;  AGC  and  Offset  Control  (A9) 

Control  of  the  automatic  gain  and  automatic  offset  loops  is 
implemented  digitally  on  the  AGC  and  Offset  Control  Board  (A9) . 

A block  diagram  of  the  circuits  is  given  in  Figure  3-22. 

Offset  voltage  in  the  sampled  eye  pattern  is  reduced  by  monitor- 
ing the  center  level  and  forcing  its  average  value  to  zero.  The 
Offset  Update  and  Positive  Offset  signals  from  the  Phase  Locked 
Loop  board  (AlO)  control  an  up/down  counter  which  integrates  the 
offset  updates.  Tliese  updates  to  the  counter  occur  every  six- 
teenth occurrence  of  Flip-Flop  Bank  Clock. 

The  gain  of  the  BEM  is  controlled  so  that  half  of  the  negative 
outer  level  samples  are  more  negative  than  -2d  volts  (-1.8  volts 
dc) . The  Gain  Adjust  Update  Control  function,  shown  i"  the 
block  diagram,  samples  -dFF  and  -2dff  signals  every  sixteenth 
occurrence  of  Flip-Flop  Bank  Clock  under  control  of  the  Clock 
Generator  function. 

Gain  updates  are  integrated  in  an  up/down  counter  which  adjusts 
the  output  voltage  of  a digital  to  analog  converter  as  shown  in 
the  block  diagram.  This  output  voltage  adjusts  the  reference 
level  used  in  the  other  automatic  gain  control  circuit  on  the 
Interface  Unit  (A15) . This  in  turn  adjusts  the  control  voltage 
and  gain  of  the  variable  gain  amplifier  on  A15. 
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FIGURE  3-22.  AGC  AND  OFFSET  CONTROL  BOARD  (A9)  BLOCK  DIAGRAM 


The  current  source  at  the  output  of  the  digital  to  analog  con- 
verter is  used  to  supply  the  nominal  current  required  with  zero 
volts  output.  This  is  necessary  due  to  the  limited  current  drive 
of  the  digital  to  analog  converter. 

3.5.7  Circuit  Board  Description;  "a"  Control  (A8) 

The  "a"  Control  board  (A8)  provides  processing  of  the  sampled 
eye  amplitudes  to  control  the  "a"  voltage  to  the  -2d+a  conparator. 
The  closed  loop,  which  board  A8  is  a part,  provides  the  disper- 
sion measurement  because  the  anplitude  of  "a"  is  proportional  to 
the  ultimate  dispersion  output. 

The  dispersion  measurement  is  implemented  by  controlling  "a”  so 
that  on  the  average  of  each  2048  amplitude  samples  more  negative 
than  -d,  one  of  those  samples  will  be  between  -d  and  -2d+a.  The 
electronics  of  board  A8  supply  this  control. 

A block  diagram  of  "a"  Control  board  (A8)  is  shown  in  Figure  3-23. 

The  Scaling  block  contains  a high  speed  interface  to  the  ampli- 
tude sample  levels  -dFF  and  -2d+aFF  and  a divide  by  2048  counter. 
This  provides  the  desired  scaling  of  occurrences  between  -d  and 
-2d+a  as  compared  to  all  occurrences  below  -d.  The  output  of  the 
scaling  function  provides  count  up  and  down  commands  to  a high 
speed  up/down  counter.  The  high  and  low  speed  counters  integrate 
these  commands  and  generate  a binary  representation  of  the  ampli- 
tude of  "a",  the  dispersion. 

Due  to  the  high  speed  of  this  operation  relative  to  available 
TTL  counters,  the  first  stages  of  the  counter  are  implemented 
using  Schottky  SSI  circuits. 

The  low  speed  counter  is  updated  every  third  clock  period  of  Flip- 
Flop  Bank  Clock  by  interface  circuits  under  control  of  the  Clock 
Generator  circuits. 

The  output  of  the  control  circuits  are  tv/elve  parallel  TTL  sig- 
nals that  control  the  digital  to  analog  converter  that  generates 
the  "a"  voltage. 

3.5.8  Circuit  Board  Description;  Plus  Comparator  Board  (A7) 

The  Plus  Comparator  board  (A7)  has  been  modified  and  no  longer 
contains  active  comparators.  The  board  does  provide  the  digital 
to  analog  converter  that  produces  the  "a"  Control  voltage  (2e 
location)  and  an  amplifier  (2L)  that  amplifies  "a"  and  provides 
the  Dispersion  measurement  output. 

The  voltage  reference  used  to  generate  all  other  dc  reference 
voltages  is  generated  by  diode  VRl  and  amplifier  IB. 
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FIGURE  3-23.  BLOCK  DIAGRAM  OF  "a"  CONTROL  BOARD  (A8) 
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3.5.9 


Circuit  Board  Description 


Minus  Comparator  Board  (A6) 


The  Minus  Comparator  board  (A6)  provides  coiiparison  of  the 
sampled  eye  pattern  amplitudes  to  six  reference  voltages.  The 
reference  voltages  are  generated  from  a single  voltage  source 
-2d  (-1.8  volts  dc)  using  LM  208  operational  amplifiers.  The 
voltage  comparison  is  made  each  Baud  by  AM686  comparators  whose 
outputs  are  latched  in  flip-flops  by  the  Flip-Flop  Bank  Clock. 

3.5.10  Circuit  Board  Description;  Sample  and  Hold  Board  (A5) 
The  Sample  and  Hold  Board  (A5)  provides  four  functions; 

a.  The  analog  output  of  the  Interface  Unit  (A15) , VICOM  Eye 
signal,  is  amplifier  in  location  2k. 

b.  Transistors  Ql  and  Q2  provide  peak  clipping  to  protect 
the  sample  and  hold  and  comparator  circuits  from 
overvoltage. 

c.  The  sample  and  hold  circuit  at  location  lE  samples  the 
amplified  VICOM  Eye  under  control  of  Flip-Flop  Bank  Clock 
and  provides  its  output  to  the  voltage  comparators  on  the 
Minus  Comparator  board  {A6) . 

d.  The  digital  to  analog  converter  at  location  2a  converts 
the  binary  output  of  the  offset  control  circuits  on  A9 
into  a control  voltage.  This  voltage  is  summed  with  the 
VICOM  Eye  signal  at  the  operational  amplifier  input  to 
provide  offset  capability. 

3.5.11  Circuit  Board  Description;  EPUT  Counter  (A2) 


Hits  are  counted  over  a strap  selectable  time  base  using  the  EPUT 
Counter  board  (A2)  and  EPUT  Time  Base  board  (Al) . The  EPUT 
counter  board  (A2)  provides  the  counters  and  output  coding. 

A block  diagram  of  the  EPUT  Counter  board  (A2)  is  given  in 
Figure  3-24. 

The  Input  Conditioning  circuits  process  the  sampled  eye  ampli- 
tudes to  delete  occurrences  between  -Hd  and  -d,  and  generate 
count  pulses  to  update  the  counter.  These  circuits  also  provide 
for  self-test  of  the  counter  by  counting  Self-Test  Clock. 

The  Counter  function  is  a binary  counter  with  sixteen  stages. 

The  Exponent  Counter  provides  a binary  number  that  equals  the 
number  of  the  stage  of  the  binary  counter  that  has  the  most 
significant  logic  one  level. 
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The  Buffer  Register  is  loaded  with  the  number  in  the  Exponent 
Counter  from  the  last  time  period  while  a new  count  is  being 
accumulated.  This  number  is  coded  into  a negative  dc  voltage 
output  by  the  Digital  to  Analog  Converter  function  which  includes 
the  UA741  output  amplifier. 

3.5.12  Circuit  Board  Description;  EPUT  Time  Base  Al) 

Hits  are  counted  over  a strap  selectable  time  base  using  the 
EPUT  Time  Base  board  (Al)  and  EPUT  Counter  board  (A2) . The  EPUT 
Time  Base  (Al)  supplies  control  for  this  function. 

A blocJc  diagram  of  the  EPUT  Time  Base  board  (Al)  is  given  in 
Figure  3-25. 

The  length  of  time  during  which  hit  counts  are  accumulated  is 
controlled  by  strapping  the  appropriate  clock  from  the  Count  Down 
Chain  to  the  Control  function.  At  the  end  of  each  time  base 
period,  the  hit  counters  on  A2  are  stopped  by  STOP  COUNT  signal, 
and  the  count  is  transferred  to  the  buffer  on  A2.  The  hit 
counters  are  then  cleared  and  restarted.  The  details  of  this 
operation  are  the  same  as  any  other  Events  Per  Unit  Time  (EPUT) 
monitor. 

The  additional  functions  in  the  BEM-EPUT  time  base  are  Measure- 
ment Reset  and  Master  Reset.  Following  a Scanner  Address  Change 
or  Power  Reset,  a Master  Reset  is  generated  for  several  milli- 
seconds and  a Measurement  Reset  is  generated  for  thirty  seconds. 
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3.6  CALIBRATION  OF  BASEBAND  EYE  MONITOR  (BEM) 


The  following  setup  instructions  are  for  the  Honeywell  Baseband 

Eye  Monitor,  and  facilitate  board  alignment  and  calibration. 

Refer  to  the  schematics  and  board  assembly  drawings  for  parts 

location. 

3.6.1  Calibration  Procedure  For  Input  Board  (All) 

3. 6. 1.1  RMS  Level  Adjustment 

a.  Apply  a 1 MHz  sinewave  to  connector  P2-A1  (Monitored  Baseband) . 
Measure  and  adjust  signal  amplitude  to  approximately  0.122  volt 
RMS,  and  record  this  amplitude 

b.  Measure  the  dc  voltage  eimplitude  at  connector  P2-A4.  Adjust 
potentiometer  RIO  until  the  voltage  at  P2-A4  equals 
(-8.2023)  X (INPUT  AMPLITUDE,  VRMS) . 

c.  Measure  and  adjust  input  sinewave  amplitude  to  approximately 

1.1  volt  RMS,  and  record  this  amplitude. 

d.  Measure  the  dc  voltage  amplitude  at  connector  P2-A4.  Adjust 
potentiometer  Rll  until  the  voltage  at  P2-A4  equals 
(-8.2023)  X (INPUT  AMPLITUDE,  VRMS) . 

e.  Repeat  steps  a through  d until  the  measured  dc  voltages  at 
connector  P2-A4  are  within  0.1  percent  of  the  expected  values 
for  both  steps  b and  d,  following  the  last  adjustment  of  the 
potentiometers . 

3. 6. 1.2  Clock  Phase  Shifter  Adjustment 


a.  Adjust  a 2K  ohm  potentiometer  to  900  ohms  and  place  it  in 
the  circuit  as  R33.  This  is  the  Digital  to  Analog  Converter 
gain  select  resistor. 

b.  Supply  a TTL  clock  signal  having  a frequency  of  12.5526  MHz 
nominal  to  connector  pin  P2-A3  (VICOM  Clock) . This  signal 
should  be  a square  wave  having  logic  1 and  0 pulse  widths 
of  39.8  ±0.5  nanoseconds  measured  at  1.4  volts. 

c.  Strap  2B-10  to  2A-1  and  2A-11  to  2B-2 . 

d.  Supply  a TTL  logic  1 signal  to  connector  pins  Pl-2  through 
Pl-6  and  Pl-12  through  Pl-18. 

e.  Monitor  the  clock  signal  at  2C-9  with  an  oscilloscope.  Adjust 
potentiometer  R32,  which  is  the  D/A  converter  offset  adjust- 
ment, until  the  clock  signal  is  at  the  threshold  of  becoming 

a steady  logic  level. 
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f.  Measure  and  record  the  dc  voltage  eunplitude  at  test  point  4. 
The  nominal  value  is  zero. 

g.  Adjust  R32  until  the  dc  voltage  at  test  point  4 is  0.15  volt 
more  positive  than  measured  in  step  f. 

h.  Supply  a TTL  logic  0 signal  to  connector  pins  Pl-2  through 
Pl-6  and  Pl-12  through  Pl-18. 

i.  Monitor  the  clock  signal  at  2C-9  with  an  oscilloscope.  Adjust 
the  potentiometer  in  the  R33  location  until  the  clock  signal 
is  at  the  threshold  of  becoming  a steady  logic  level. 

j.  Measure  and  record  the  dc  voltage  amplitude  at  test  point  4. 
The  nominal  value  is  1.8  volts. 


k.  Adjust  R33  until  the  dc  voltage  at  test  point  4 is  0.15  less 
positive  than  measured  in  step  j. 

<1.  Supply  a TTL  logic  1 signal  to  connector  pins  Pl-2  through 
Pl-6  and  Pl-12  through  Pl-18. 

m.  Adjust  R32  until  the  dc  voltage  at  test  point  4 is  0.15  volt 
more  positive  than  measured  in  step  f. 


n.  Supply  a TTL  logic  1 signal  to  connector  pins  Pl-2  through 
Pl-6  and  Pl-12  through  Pl-18. 


o.  Adjust  the  potentiometer  in  R33  location  until  the  dc  voltage 
at  test  point  4 is  0.15  volts  less  positive  than  measured  in 
step  j . 


p.  Repeat  steps  1 through  o until  the  dc  voltages  measured  in 
steps  m and  o are  within  0.01  volt  of  the  desired  amplitude. 

q.  Remove  the  potentiometer  from  R33  location  and  measure  its 
value . 


r.  Place  an  RN55C  resistor,  with  the  standard  resistance  value 
closest  to  that  measured  in  step  q,  into  location  R33. 

s.  Confirm  the  results  of  step  o. 


3. 6. 1.3  Duty  Cycle  Adjustment 

a.  Supply  a TTL  logic  1 signal  to  connector  pin  Pl-2  and  a TTL 
logic  0 signal  to  connector  pins  Pl-3  through  Pl-6  and  Pl-12 
through  Pl-18. 

b.  Monitor  the  clock  signal  at  connector  pin  Pl-23  for  logic  0 
pulse  width.  The  duty  cycle  control  circuit  sets  the  time 
period  of  the  logic  0 portion  of  this  clock. 
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c.  Place  a 500  ohm  potentiometer  in  the  R26  location  and  adjust 
it  until  the  logic  0 pulse  width  of  the  clock  is  39.8  ±0.5 
nanoseconds . 

d.  Remove  the  potentiometer  from  the  R26  location  and  measure 
its  value.  Place  an  RN55C  resistor,  with  the  standard 
resistance  value  closest  to  that  measured,  into  location  R26. 

e.  Confirm  the  logic  0 pulse  width  at  connector  pin  Pl-23  to 
be  39.8  ±0.5  nanosecond. 

3.6.2  Calibration  Procedure  For  Minus  Comparator  Board  (A6) 

a.  Insert  10  ohms,  RN55C  resistors  in  R5  and  R8  locations.  Leave 
R6  open.  Temporarily  connect  a 0.1  yf,  CKOS  capacitor  or 
equivalent  to  the  signal  side  of  R8,  not  the  comparator  side. 

b.  Connect  a precision  dc  voltage  source  to  connector  pin  P2-A2 
(+2d)  and  adjust  it  to  give  +1.8000  ±0.0005  volt  dc. 

c.  Connect  a second  precision  dc  voltage  source  set  to  zero  volt 
to  connector  pin  P2-A3  (SAMPLED  EYE) . 

d.  ftonitor  2G-5  with  an  oscilloscope  and  slowly  decrease  the 
voltage  at  P2-A3  until  the  signal  at  2G-5  switches  to  a 
logic  0. 

e.  Measure  and  record  the  dc  voltage  at  P2-A3  to  within 
0.1  millivolt. 

f.  Decrease  the  voltage  at  P2-A3  to  approximately  -1.9  volts  dc. 

g.  Increase  the  voltage  at  P2-A3  until  this  signal  at  2G-5  changes 
state  to  a logic  1. 

h.  Measure  and  record  the  dc  voltage  at  P2-A3  to  within 
0.1  millivolt. 

i.  Average  the  measurements  of  steps  e and  h to  calculate  the 
comparator's  switch  voltage.  This  is  the  average  of  the 
switch  voltage  for  increasing  and  decreasing  voltage  wave- 
forms. For  this  reason,  it  is  important  that  the  switch 
points  be  approached  monotonically  in  steps  d and  g. 

j . Subtract  the  nominal  threshold  voltage  for  the  comparator 
from  the  average  calculated  in  step  i.  In  this  case  the 
nominal  threshold  is  -0.9  volt.  If  the  absolute  value  of 
the  result  is  0.25  millivolt  or  less,  further  calibration 
is  not  required,  go  to  step  n.  If  greater  than  0.25  milli- 
volts, proceed  to  step  k. 
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k.  Use  the  following  equation  to  calculate  the  value  of  R6. 


Use  same  sign  as  sign  of 
calculated  offset  from 
step  j 


R6  = 10 


REF 


V +15 

OFFSET  " 


V, 


OFFSET 


where 


Vref  is  the  nominal  switch  voltage  for  the  comparator 

Vqfpset  voltage  calculated  in  step  j. 

Use  the  proper  amplitude  and  sign  for  these  quantities. 

If  the  calculated  value  of  R6  is  lOOK  ohms  or  greater, 
insert  an  RN55C  resistor  in  position  R6  that  has  the  closest 
standard  resistance  value  to  the  calculated  value. 


Connect  R6  to  +15  volts  dc  if  the  calculated  value  in  step  j 
is  negativ-1.  Otherwise  use  -15  volts  dc. 

If  the  calculated  value  of  R6  is  less  than  lOOK  ohms,  insert 
a lOOK  ohms,  RN55C  resistor  in  the  R6  location  and  connect  it 
to  either  +15  volts  dc  as  described  above. 


Then  calculate  the  value  of  R5  and  R8  using  the  following 
equation: 


R5  = R8  = 10' 


'OFFSET 


V - V +15 

REF  OFFSET  " 


Use  same  sign  as  sign  of 
calculated  offset  from 
step  j. 


Insert  RN55C  resistors  in  positions  R5  and  R8  that  have  the 
closest  standard  resistance  value  to  the  calculated  value. 


1.  Confirm  that  the  comparator  switches  within  0.25  millivolts 
of  the  nominal  level  by  repeating  steps  d through  j. 

If  it  is  not  within  this  tolerance,  change  the  value  of  the 
calculated  resistor  by  one  step  in  resistance  value  until 
the  voltage  at  which  the  comparator  switches  is  as  close  to 
nominal  as  obtainable. 


m.  Remove  the  0.1  yf  capacitor  from  R8. 

n.  The  Minus  Comparator  Board  has  six  comparators,  all  similar 
to  the  -d  comparator  just  calibrated.  Each  of  the  remaining 
five  comparators  should  be  calibrated  in  a similar  manner, 
using  steps  a through  m. 

When  calibrating  the  -2d  +a  comparator  (integrated  circuit 
location  ID) , ground  connector  P2-A3  (+a)  and  ground  the 
junction  of  R20,  R21  emd  C23.  The  purpose  of  this  is  to 
insure  that  the  -2d  comparator  does  not  interfere  with 
calibration  of  the  -2d+a  comparator.  With  P2-A3  grounded 
the  -2d+a  comparator  should  switch  at  -1.800  volts. 

When  calibrating  the  -2d  comparator  (integrated  circuit 
location  2d) , put  +0.9  ±0.1  volt  dc  on  connector  pin  P2-A3 
(+a)  to  insure  that  the  -2d+a  comparator  does  not  interfere 
with  the  -2d  comparator. 

3.6.3  Calibration  Procedure  For  Plus  Comparator  Board  (A7) 

3. 6. 3.1  Digital  to  Analog  Converter  For  "+a"  Offset  Adjustment 

a.  Supply  TTL  logic  1 signals  to  the  following  connector  pins. 
Pl-1  through  Pl-6 

Pl-19  through  Pl-23 
Pl-37 

b.  Monitor  the  dc  voltage  at  test  point  8 and  adjust  the 
potentiometer  R32  until  the  measured  voltage  is  0 
+0.0005  volts  dc. 

c.  Disconnect  the  signals  of  step  a.  Calibration  is  complete. 

3. 6. 3. 2 '*+2d"  Reference  Voltage  Adjustment 

a.  With  resistor  R4  having  a value  7.87K  ohms,  monitor  the  dc 
voltage  at  test  point  3.  Adjust  potentiometer  R31  until  the 
monitored  voltage  is  +1.8000  ±0.0005  volts  dc. 

If  the  potentiometer  has  insufficient  range  go  to  step  b, 
otherwise  calibration  is  complete. 

b.  Position  potentiometer  R31  in  the  middle  of  its  range  by 
adjusting  it  until  the  voltage  at  test  point  3 is  in  the 
middle  of  its  range.  Measure  and  record  this  voltage. 
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c.  Calculate  the  value  of  resistor  R4  needed  to  give  ±1.8  volts 
dc  using  the  following  equation. 


R4  = 


= [ 


14166 


VOLTAGE  MEASURED  IN  STEP  b 


d. 


Select  an  RN55C  resistor  with  the  closest  nominal  resistance 
value  to  that  calculated  in  step  c and  insert  it  into  the 
circuit  at  location  R4  in  place  of  the  7.87K  ohms  resistor. 
Then  repeat  step  a. 

3.6.4  Calibration  Procedures  For  Relative  Phase  of  Monitored 
Signal  and  Derived  Clock  For  the  BEM  as  a Unit 

a.  On  the  Input  Board,  All,  strap  2B-10  to  2A-1  and  2B-2  to 
2A-10.  This  will  select  a nominal  phase  relationship. 

b.  Supply  a sinewave  to  one  of  the  BEM  input  ports,  the  test 
input  on  the  front  panel  for  instance.  This  signal  should 
have  a frequency  of  3.13815  MHz  and  an  amplitude  of  approxi- 
mately 0.308  volts  RMS  (+2.78  dBm  at  50  ohms). 


Position  the  Maintenance  switch  to  Maintenance, 
and  the  input  port  used  (Test  Input  is  input  9) 


Select  mode  2 


d.  Use  an  oscilloscope  to  monitor  the  voltage  waveforms  at  test 
points  10  and  13  on  the  Sample  and  Hold  Board,  A5.  (Monitor 
the  signals  on  the  circuit  side  of  the  IK  ohm  test  point 
isolation  resistors  so  as  to  maintain  the  necessary  signal 
bandwidth. ) 

Test  point  13  will  be  a sinewave  approximately  1.8  volts 
peak  and  test  point  10  will  be  samples  of  this  waveform, 
from  a sample  and  hold  output. 

Position  the  waveforms  on  the  oscilloscope  screen  so  that 
they  both  have  the  same  ground  reference  and  the  same  ampli- 
tude scale.  The  waveforms  will  appear  similar  to  those 
shown  in  Figure  3-26. 

When  the  phase  of  the  clock  is  correct,  the  sinewave  will  be 
sampled  at  its  zero  crossin^gs  and  at  its  peaks. 

As  shown  in  Figure  3-26,  the  samples  are  being  taken  early, 
and  therefore  the  clock  is  early.  The  samples  closest  to 
zero  volts,  which  are  the  flat  portions  of  the  waveform  closest 
to  zero,  are  therefore  offset  from  zero  by  VI. 

Measure  the  timing  error  in  the  clock  by  measuring  the  time 
it  takes  the  sinewave  to  get  from  Vl  to  ground.  When  the 
clock  is  late  VI  will  be  in  the  other  direction. 
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e.  Divide  the  time  measured  in  step  d by  8 nanoseconds,  and  round 
the  result  to  the  nearest  integer. 

f.  If  the  result  in  step  e is  zero,  calibration  is  complete.  If 
the  result  in  step  e is  not  zero,  strapping  on  the  Input 
Board,  All  needs  to  be  modified.  The  source  of  the  signal 
for  2B-2  should  be  moved  the  number  of  gates  equal  to  the 
nxomber  calculated  in  step  e.  When  the  samples  are  too  early 
as  shown  in  the  diagram,  move  the  strapping  wire  to  a gate 
preceding  the  existing  strapping  and  vice  versa  for  late 
samples . 

If  more  than  two  gate  delays  are  required,  remove  the  strap 
from  2B-10  to  2A-1  and  add  a strap  from  2B-4  to  2A-1.  Then 
repeat  steps  c through  f. 

g.  Select  mode  - and  the  input  port  used. 

h.  Measure  the  dc  voltage  at  test  point  4 on  the  Input  Board, 

All.  Confirm  that  this  voltage  is  +0.9  ±0.3  volts  dc. 


3.7  BEM  AND  ACTIVE  COUPLER  FIELD  MODIFICATIONS  FOR  AVANTEK  DR8A 
RADIO  ADAPTATION 

3.7.1  BEM  Modifications 


The  BEM  was  modified  in  order  to  operate  at  the  6.3  MHz  data  rate 
in  the  AVANTEK  DR8A  instead  of  the  12.6  MHz  data  rate  in  the 
AN/FRC-162  radio.  The  change  in  data  rates  was  accomplished  by 
changing  the  crystal  in  the  reference  oscillator  located  on  the 
clock  recovery  board  in  the  BEM  from  12.5533  MHz  to  6.2765  MHz. 

The  tuning  inductor  used  to  adjust  the  oscillator  frequency  was 
also  changed  to  accommodate  the  new  frequency  range. 

The  dc  output  voltage  representing  EYE  dispersion  was  further 
filtered  to  compensate  for  rapid  changes  in  dispersion  due  to 
radio  performance.  The  filtering  was  accomplisiied  by  the  ad- 
dition of  a series  resistor  and  shunt  capacitor  to  the  output 
signal  thereby  forming  an  RC  time  constant  of  approximately 
10  seconds.  This  was  found  to  be  effective  in  accomplishing 
the  necessary  filtering. 

3.7.2  BEM  Active  Coupler  Modifications 

The  BEM  active  couplers  were  also  changed  to  accommodate  the  test 
point  level  in  the  AVANTEK  DR8A  radio  as  opposed  to  that  in  the 
AN/FRC-162  radio.  The  DR8A  radio  monitor  point  signal  level  was 
of  a lower  value  and  higher  impedance  than  the  corresponding 
point  in  the  AN/FRC-162  radio.  Therefore,  it  was  necessary  to 
adapt  the  BEM  active  coupler  to  interface  with  the  DR8A  radio.  The 
adaptation  was  performed  by  changing  the  buffer  amplifier  input 
impedance  from  75  ohms  to  approximately  500  ohms.  The  voltage 
gain  of  the  coupler  was  increased  to  18  dB  as  a result  of  the 
impedance  change . 
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Section  4 


FUNCTIONAL  DESCRIPTION  EVENT  PER  UNIT  TIME  (EPUT)  f'iONITOK 


4.1  INTRODUCTION 

The  Phase  I ATEC  Digital  Adaptation  Study  reconunended  that  a 
device  be  developed  for  the  collection  of  error  rate  information 
from  the  Time  Division  Multiplexers  used  in  the  FKV.  The  study 
further  recommended  the  adaptation  of  the  existing  ATEC  VF/DC 
Form  A scanner  by  adding  new  circuit  boards  which  would  measure 
event  rates  and  latch  transient  digital  events.  This  would 
functionally  convert  the  Form  A scanner  to  an  Event  Per  Unit 
Time  (EPUT)  Monitor.  The  various  outputs  of  the  EPUT  would  then 
be  performance  related  voltages  for  measurement  by  the  existing 
Measurement  Acquisition  Controller.  This  section  provides  all 
study  and  design  rationale  involved  in  the  conceptualization, 
design,  construction  and  testing  of  the  Event  Per  Unit  Time 
monitor. 


4.2  EPUT  FUNCTIONAL  REQUIREMENTS 

From  the  Phase  I study,  functional  requirements  were  established 
and  later  incorporated  into  the  statement  of  work.  The  S.O.W. 
requirements  and  clarifying  rationale  follow. 

4.2.1  Event  Count  and  Fixed  Time  Base 

S.O.W.  requirement:  Count  the  number  of  events  over  a time  base 
which  may  be  varied  and  output  a dc  voltage  as  a function  of 
event  rate. 

The  EPUT  must  be  able  to  count  transient  digital  system  events, 
that  is,  frame  error  pulses,  to  permit  frame  error  rate  calcula- 
tions. It  must  function  as  a sensor  element  in  a continually 
scanning,  asynchronous  monitoring  system,  hence  the  need  for  a 
self-contained  time  base.  It  must  also  be  able  to  interface 
with  the  Measurement  Acquisition  Controller  which  uses  as  its 
standard  interface,  dc  voltages. 

4.2.2  Field  Strappable  Time  Base 

S.O.W.  requirement:  The  time  base  should  be  field  strappable 
at  four  minutes  or  less. 

The  length  of  time  events  are  to  be  collected  for  generating  a 
single  data  point  should  be  related  to  the  amount  of  tinie  between 
queries  by  the  computer.  The  rate  of  updating  the  output  dc 
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voltage  should  be  slightly  faster  than  the  normal  scan  rate  so 
that  fresh  data  is  always  available.  To  allow  for  variations 
in  scan  rate  due  to  system  size,  a strappable  time  base  is 
therefore  desirable. 

4.2.3  Overflow  Indication 


S.O.W.  requirement;  A full  scale  indication  shall  be  given  if 
overflow  occurs. 

To  prevent  an  ambiguous  output  from  the  EPUT  should  the  rate 
of  events  being  counted  be  such  as  to  cause  an  overflow  of  the 
counting  circuits,  the  output  dc  voltage  should  be  locked  at 
some  maximum  value.  If  the  output  voltage  was  simply  allowed 
to  follow  the  overflow  condition  of  the  event  counter  the 
result  would  most  probably  be  a lower  count  indication. 

4.2.4  Event  Rate  Measurement  Capacity 

S.O.W.  requirement;  Event  rates  of  approximately  10“3  and  less 
per  Tl-4000  frame  bits  should  be  measured  without  overflow. 

The  purpose  of  the  EPUT  is  to  detect  degraded  operation.  There- 
fore, it  is  required  that  event  rates  be  quantified  accurately 
under  degraded  operation.  Saturation  of  event  rate  measurement 
in  the  region  of  10“3  allows  quantifying  very  badly  degraded 
operation  and,  therefore,  is  more  than  adequate.  Given  the 
Tl-4000  frame  rate  of  9.65  x 10“^  frames/second,  the  total  num- 
ber of  frame  errors  which  must  be  counted  in  four  minutes  is 
23,  160. 

4.2.5  Input  Signals 

S.O.W.  requirement;  Accept  digital  input  pulses  of  300  nano- 
seconds or  more  in  width  at  a rate  of  9.65  x 10“^  pulses /second 
or  less. 

The  highest  rate  signal  to  be  collected  by  the  EPUT  in  the  FKV 
is  main  frame  bit  miscompares  from  the  Tl-4000.  Main  framing 
bits  occur  at  a rate  of  9.65  x 10^  bits/second.  The  shortest 
pulse  width  to  be  monitored  is  the  TlWBl  framing  bit  error  signal 
that  has  a width  of  324  nanoseconds. 

4.2.6  Latch  Events 

S.O.W.  requirement:  Latch  transient  digital  events. 

Knowledge  of  transient  occurrences  are  important  with  regard  to 
proper  interpretation  of  other  collected  data,  as  well  as  to 
proper  interpretation  of  network  performance  in  general.  As  an 
example,  transient  loss  of  Tl-4000  main  frame  synchronization 
will  drastically  affect  Tl-4000  main  frame  error  counts  thus 
significantly  altering  interpretation  of  this  anomaly. 
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4.2.7  Clear  - Reset 

S.O.W.  requirement:  Clear  latches  and  event  rate  counters  at 
the  same  time. 

The  purpose  of  this  is  to  report  data  taken  simultaneously  in 
order  to  provide  for  event  correlation. 

4.2.8  EPUT  Latch  Status  Output 

S.O.W.  requirement:  Output  dc  voltage  to  indicate  state  of 
latch. 

Basis  for  this  data  reporting  format  is  the  same  as  for  the 
event  counters,  namely,  the  MAC  interface  criteria  is  a dc 
voltage . 


4.3  EVENTS  PER  UNIT  TII'E  - CIRCUIT  DESCRIPTION 
4.3.1  EPUT  Overall  View 

The  function  of  the  Event  Per  Unit  Time  (EPUT)  option  is  to 
continuously  monitor  digital  event  occurrences  over  a strap 
, selected  time  interval  and  output  dc  voltages  indicative  of  the 

' occurrences  during  the  interval.  The  two  types  of  monitoring 

operations  are:  (1)  counting  the  number  of  pulse  occurrences 
and  outputting  a dc  voltage  representative  of  the  total  count 
over  the  time  interval;  and  (2)  latching  the  occurrence  of  an 
event  during  the  time  interval  and  outputting  a dc  voltage  to 
indicate  the  occurrence.  At  the  end  of  each  time  interval,  the 
state  of  the  counters  and  latches  are  stored  in  buffers  to  pro- 
vide dc  outputs  when  interrogated  during  the  next  time  interval 
and  the  counters  and  latches  are  reset  for  the  next  measure- 
ment interval. 

As  shown  in  Figure  4-1,  there  are  three  circuit  boards  utilized 
to  adapt  the  Form  A scanner  to  an  EPUT.  These  are  the  Command 
Board,  Counter  Board  and  Latch  Board.  A fourth  assembly,  the 
remote  buffer  is  located  external  to  the  EPUT.  It  :s  used  to 
k • buffer  and  condition  the  input  signals  to  the  EPUT.  The  Com- 

mand, Counter  and  Latch  boards  are  located  in  the  /vialog 
' Scanner  (ANS).  One  command  board  is  required  per  EPUT.  The 

number  of  counter  and  latch  boards  are  dependent  on  the  type  and 
number  of  signals  monitored.  Remote  buffer  assemblies  are 
located  physically  as  close  to  the  monitored  signal  source 
. points  as  possible.  These  units  are  discussed  in  more  detail 

in  the  following  paragraphs.  Reference  is  made  to  simplified 
block  diagrams  during  board  descriptions.  Detailed  schematics 
are  provided  in  Appendix  A to  this  report. 


129 


4.3.2  Command  Board 

The  Command  board  shown  in  Figure  4-2  contains  two  major  func- 
tions. The  first  function  is  to  receive  control  signals  from 
the  analog  scanner  control  to  provide  mode  control  and  self- test 
of  the  EPUT.  The  second  function  is  the  strappable  time  base, 
selectable  in  1/16  minute  increments  to  16  minutes.  One  command 
board  is  required  in  each  ANS  equipped  with  an  EPUT  option. 

4.3.3  Counter  Board 

The  function  of  the  Counter  Board  shown  in  Figure  4-3  is  to 
count  the  number  of  event  pulses  received  from  a remote  buffer 
assembly  which  occur  during  a time  base  interval  and  output  a dc 
voltage  representative  of  the  total  nxamber  of  pulses  received 
over  the  interval.  At  the  end  of  each  time  interval  a number 
(N) , which  is  representative  of  the  total  count,  is  latched  in  a 
buffer  and  the  counter  is  reset  for  the  next  measurement  inter- 
val. The  latched  number  (N)  is  presented  to  a Digital  to  Analog 
(D/A)  converter  which  provides  a dc  voltage  output  during  the 
next  interval.  The  number  (N)  which  is  latched  and  the  nominal 
voltage  output  (Vout)  related  to  the  interval  count  as 

shown  in  Table  4-1. 

TABLE  4-1.  EPUT  COUNTER  OUTPUT 


Count 

N 

^out 

0 

0 

0 

1 

1 

-0.5 

2-3 

2 

-1.0 

4-7 

3 

-1.5 

8-15 

4 

-2.0 

16-31 

5 

-2.5 

32-63 

6 

-3.0 

64-127 

7 

-3.5 

128-255 

8 

-4.0 

256-511 

9 

-4.5 

512-10  23 

10 

-5.0 

1024-2047 

11 

-5.5 

2048-4095 

12 

-6.0 

4096-8191 

13 

-6.5 

8192-16383 

14 

-7.0 

16384-32767 

15 

-7.5 

32768  and  above 

16 

-8.0 

It  can  be  seen  that  N is  related  to  the  greatest  power  of  2 j 

which  has  not  been  exceeded.  j 

N is  defined  by: 

N = 0 Count  = 0 

N = n+1  2^  ± count  < 2n+l  0 i n £ 14 

N = 16  215  £ count 

One  counter  circuit  is  contained  on  each  counter  board.  i 
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4.3.4  Latch  Board 

The  function  of  the  latch  board  shown  in  Figure  4-4  is  to 
detect  and  latch  the  occurrence  of  signal  changes.  There  are 
two  basic  types  of  latches.  The  first  type  uses  differential 
TTL  signals  from  remote  buffers  and  latches  on  either  a posi- 
tive or  negative  transition  of  the  monitored  signal.  The 
selection  is  made  by  the  method  of  connection  of  the  differen- 
tial input  wired  pair  to  the  receiver.  The  second  type  of 
latch  is  a general  purpose  latch.  It  can  receive  either  dif- 
ferential TTL  signals  from  remote  buffers  or  it  can  receive 
relay  contacts.  The  relay  signal  can  either  supply  a dc  volt- 
( age  (+5  volts  or  ground)  or  can  provide  an  open  or  closed  cir- 

i cuit  with  the  latch  board  providing  the  driving  voltage.  The 

‘ general  purpose  latch  latches  both  positive  and  negative  tran- 

sition occurrences.  Selection  of  either  the  positive  edge 
latch,  negative  edge  latch,  or  the  latching  of  either  edge  can 
be  selected  by  appropriate  wiring  to  the  latch  outputs.  At 
the  end  of  the  selected  time  interval  the  state  of  each  latch 
is  stored  in  a buffer  which  provides  latch  state  output  dc 
voltages.  After  latch  states  have  been  stored  in  the  buffer 
the  transition  latches  are  cleared  for  the  next  measurement 
interval.  Two  type  1 and  three  general  purpose  latches  are 
contained  on  each  latch  board. 

4.3.5  Remote  Buffer 

The  function  of  the  remote  buffer  shown  in  Figure  4-5  is  to 
nonintrusively  attach  to  TTL  signals  in  the  equipment  being 
monitored  and  drive  the  monitored  signal  to  the  EPUT.  Two 
monitor  drivers  are  contained  in  each  remote  buffer.  Bridge- 
on  attachment  to  the  TTL  monitored  signal  is  provided  by  high 
input  inpedance  comparators  which  compare  the  monitored  signal 
to  a 1.4  volt  reference  with  ±0.2  volts  hysteresis  incorporated 
around  the  reference.  Power  for  the  remote  buffer  is  from  the 
ANS  power  supply. 


4.4  OPERATIONAL  FUNCTIONS  AND  COMI'IANDS 

The  EPUT  is  functionally  controlled  by  commands  which  are 
normally  issued  by  the  A scanner  control  boards  to  activate 
relay  closures.  (Refer  to  schematics  in  Appendix  A.)  These 
commands  fall  into  three  operational  categories:  Inhibit  Load, 
Clear  Inhibit,  and  Self-Test.  In  normal  operation,  when  power 
is  applied  to  the  ANS  all  EPUT  control  flip-flops,  event 
counters,  latches  and  the  time  interval  counter  are  reset  by 
the  power  clear  circuitry.  Upon  expiration  of  the  power  clear 
signal,  the  normal  mode  of  continuous  time  interval  measure- 
ments is  entered.  At  the  expiration  of  each  time  interval  the 
control  signal  STOP  COUNT  is  activated  to  inhibit  inputs  to  the 
event  counters  and  the  latches  while  the  buffers  are  being 
loaded.  After  the  buffers  are  loaded  the  event  counters. 


latches,  time  interval  counter,  and  STOP  COUNT  signal  are  reset 
and  the  next  measurement  interval  is  initiated.  The  effects  of 
the  three  commands  on  this  operation  are  described  in  the 
following  paragraphs . 

4.4.1  Inhibit  Load  Command 


When  an  inhibit  command  is  received  the  inhibit  load  flip-flop 
is  set.  When  the  current  time  interval  expires  and  the  STOP 
COUNT  signal  is  activated  the  inhibit  load  flip-flop  prevents 
the  loading  of  the  buffers  and  <-Jie  reset.  This  freezes  the 
monitoring  functions  with  the  previous  time  interval  data  still 
in  the  buffers  and  the  just  completed  time  interval  data  ready 
to  be  loaded. 

4.4.2  Clear  Inhibit  Command 


The  Clear  Inhibit  Command  has  two  interpretations  depending  on 
whether  the  EPUT  is  in  normal  mode  or  in  Self-Test. 

VJhen  in  normal  mode  and  an  inhibit  command  has  previously  been 
issued  the  inhibit  flip-flop  is  cleared.  Thus  if  the  clear 
inhibit  is  received  before  the  time  interval  expires  the  in- 
hibit is  simply  cleared.  If  the  time  interval  in  which  the 
inhibit  command  was  received  has  expired  and  the  measurement 
frozen,  the  clearing  of  the  inhibit  flip-flop  allows  buffer 
storage  and  reset  to  occur  and  the  next  measurement  interval 
to  start. 

When  in  Self-Test  the  receipt  of  Clear  inhibit  immediately 
terminates  Self-Test  and  begins  ti.e  normal  measurement  mode. 

4.4.3  Self-Test  Command 

A self-test  feature  has  been  incorporated  in  the  EPUT  to  test 
the  time  interval,  event  counters  and  the  event  counter  dc  out- 
put circuitry.  The  receipt  of  a self-test  command  places  the 
EPUT  in  the  self-test  mode.  Self- test  resets  and  holds  the 
inhibit  flip-flop  reset.  This  inhibits  the  function  of  inhibit 
commands  and  allows  continuous  self- test  time  intervals.  The 
self- test  time  interval  can  be  strapped  at  1,  1/2,  1/4  or  1/8 
of  the  normal  measurement  interval.  A count  signal  from  the 
time  interval  count  chain  is  applied  to  the  event  counter 
during  self-test.  The  self-test  frequency  and  time  interval 
are  known,  therefore  the  result  is  a predictable  dc  output 
voltage.  This  provides  a check  of  both  the  time  interval 
counter  and  the  event  count  and  output  circuitry.  Self-test  is 
terminated  by  the  receipt  of  a clear  inhibit  command  which  re- 
turns the  EPUT  to  normal  mode  operation. 
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4.5  FIELD  TEST  RESULTS 


Operation  of  the  two  EPUT  units  located  at  Ft.  Huachuca  and 
Site  Sibyl  during  field  tests  was  satisfactory  except  for  two 
problems.  The  first  problem  involving  the  EPUT  at  Sibyl  was 
probably  procedural  rather  than  hardware  related.  The  outputs 
of  the  counter  boards  involved  in  counting  Tl-4000  frame  bit 
errors  for  both  normal  and  standby  units  were  resetting  to  0.5 
volt  instead  of  zero  volts.  This  is  equivalent  to  having  a 
count  of  one  in  the  counters.  This  problem  occurred  on  only 
one  occasion,  and  because  it  was  not  critical  to  tests  in 
progress  at  the  time,  it  was  not  immediately  corrected.  It  was 
never  observed  to  occur  again  after  the  day  it  was  first  noted. 

It  is  theorized  that  the  problem  occurred  because  phasing  of 
the  differential  input  signals  to  the  input  buffer  amplifiers 
on  the  counter  boards  had  been  reversed.  Tests  were  in  progress 
at  the  time  that  required  that  Tl-4000  frame  error  signals  to 
the  EPUT  be  disabled.  This  was  accomplished  by  lifting  the 
differential  signals  at  the  remote  buffer  assembly.  If  the 
leads  had  been  reconnected  such  that  signal  high  and  low  were 
reversed,  it  is  possible  that  occurrence  of  the  Stop  Count  sig- 
nal could  have  acted  as  a strobe  to  generate  a negative-going 
edge  into  the  event  counters.  This  would  be  interpreted  as  an 
event  occurrence  and  would  have  placed  a count  of  one  in  the 
counter.  The  Load  pulse  would  then  transfer  this  count  to  the 
latch  in  front  of  the  D/A  converter  with  the  result  that  the 
output  would  appear  to  be  resetting  to  0.5  volt  instead  of  zero. 

The  second  problem  involved  a counter  board  in  the  EPUT  at 
Ft.  Huachuca.  The  discrepancy  was  first  noted  when  the  EPUT 
failed  self-test.  It  output  the  wrong  voltage  at  completion  of 
the  self-test  interval.  The  trouble  was  traced  to  a connector 
problem.  The  board  edge  connector  was  cleaned  and  inserted  and 
retracted  several  times  to  ensure  it  was  seated  properly. 
Operation  of  the  EPUT  was  all  right  for  the  remainder  of  field 
tests . 

As  discussed  in  the  Field  Test  and  Evaluation  Report,  the  EPUT 
time  base  was  changed  during  field  test  operations.  Initially, 
the  EPUTs  were  strapped  for  a two  minute  sampling  time  interval. 
Tests  indicated  that  latched  data  was  being  lost  because  the 
EPUT' s time  base  relative  to  the  DATEC  system's  normal  scan  time 
(approximately  four  minutes)  was  too  short.  Tlie  strapping  of 
both  EPUTs  was  changed  in  the  field  to  obtain  a 3-1/2  minute 
time  base.  Following  the  restrapping,  the  operation  of  the 
EPUTs  was  satisfactory.  No  lost  data  was  subsequently  observed, 
and  the  EPUTs  were  found  to  be  highly  effective  in  monitoring 
and  latching  transient  events. 
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Section  5 


SOFTWARli 


This  section  describes  the  software  development  process  used  in 
the  Digital  ATEC  Adaptation  Study,  Phase  II.  Structured  pro- 
gramming is  discussed  in  general  followed  by  a description  of 
the  techniques  selected  for  this  project.  Following  this  is  a 
description  of  all  phases  of  development  including  design,  code, 
module  test,  integration,  development  monitoring,  in-plant  test 
and  field  test.  The  discussions  include  a description  of  the 
techniques  used,  their  effectiveness  and  problems  encountered. 
Concluding,  and  serving  as  a summary  of  this  section,  are  several 
conclusions  and  recommendations. 


5.1  STRUCTURED  PROGRAMMING 

With  the  realization  th^^t  the  major  part  of  future  communication 
systems  will  be  software,  Government  agencies  have  been  stressing 
the  use  of  better  techniques  in  the  software  development  process. 
RADC  has  been  a leader  in  this  area  and  with  the  aid  of  private 
conpanies  has  developed  a set  of  guidelines  in  the  use  of  struc- 
tured programming  techniques  for  software  development.  Through 
the  Statement  of  Work,  RADC  directed  Honeywell  to  use  such  tech- 
niques in  the  development  of  the  software  adaptations  for  Digital 
ATEC.  Section  1.3  of  Annex  II  states  that,  "The  software 
developed  shall  be  in  accordance  with  Annex  3."  Annex  3 of  the 
Statement  of  Work  references  sections  of  RADC  Computer  Software 
Development  Specification  CP-07877-96100.  From  this  specification 
and  a thorough  literature  search  on  structured  programming, 
Honeywell  chose  the  following. 

5.1.1  Chief  Prograirjner  Team 


A major  problem  associated  with  previous  software  development 
projects  was  lack  of  communications  between  prograiriraers  . There 
did  not  seem  to  be  any  one  person  knowledgeable  about  the  entire 
program,  only  individuals  with  knowledge  of  their  particular 
program.  This  led  to  serious  interface  problems  during  system 
integration  and  sometimes  complete  redesign,  resulting  in  scliedulc 
slippages  and  irate  customers. 
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The  chief  programmer  team  concept  seemed  to  be  a step  in  the 
right  direction  for  solving  these  problen^.  The  team  consists 
of  the  following  members: 

• Chief  Programmer 

• Backup  Programmer 

• Librarian 

• Support  Programner 

Following  is  a description  of  each  team  member's  responsibilities. 
5. 1.1.1  Chief  Programmer 

The  chief  programmer  discharged  managerial  responsibilities  for 
the  entire  development  effort,  ^lanagerial  responsibilities  are 
identified  for  both  the  chief  programmer's  organization  (internal) 
and  the  user  or  customer  organization  (external) . The  internal 
managerial  responsibilities  consist  of  both  organizational  and 
operational  responsibilities: 

1.  Organizational  - The  chief  programmer  is  the  immediate 
manager  for  the  backup  programmer,  librarian,  and  two  or 
three  support  programmers.  Specialized  team  support  may 
require  that  the  chief  programruer  manage  two  or  three 
additional  programmers  for  relatively  short  periods.  He 
must  maintain  daily  contact  with  other  members  of  the  team 
to  circulate  and  evaluate  ideas  on  the  status  of  system 
development.  The  backup  programmer  must  be  kept  informed 
of  all  decisions  affecting  project  status. 

2.  Financial  Responsibility  - The  chief  programmer  is  respon- 
sible for  establishing,  laonitoring  and  meeting  cost  and 
schedule  goals  for  the  entire  development  effort. 

3.  Operational  - The  chief  programmer  will: 

a.  Prepare  schedules  ana  budgets  with  assistance  of  backup 
programmer  or  project  manager,  monitor  progress,  and 
reschedule  tasks  as  necessary. 

b.  Identify  project  resource  requirements,  plan  the 
acquisition  and  allocation  of  these  resources. 

c.  Plan,  schedule  and  distribute  work  assignments  for  team 
niembers . 

d.  Establish  and  enforce  project  standards. 

e.  Supervise  closely  the  development  of  the  system  (design 
reviews,  critiques  of  test  plans,  inspection  of  test 
results) . 
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f.  Plan  and  supervise  development  of  computer  programs  and 
documentation. 

4.  User/Customer  Relationship  - The  chief  programmer  will: 

a.  Participate  with  customer's  technical  representatives 
:n  the  definition  of  requirements  and  choices  of 
solutions . 

b.  Prepare  and  deliver  written  and  oral  reports  as  required 
to  inform  customer  and  customer  management  on  project 
status  and  problems. 

He  will  discharge  technical  responsibilities  for  the  entire  de- 
velopment effort  through  the  following  activities: 

1.  Confer  with  the  team  backup  programiaer  in  the  formulation 
and  impleiaentation  of  concepts,  design,  procedures  and 
programs  for  the  system  under  development. 

2.  Identify  and  investigate  complex  problems,  postulate  solu- 
tions and  innovate  algorithms  as  necessary. 

3.  Design  and  code  tiie  software  control  modules  and  other 
similarly  critical  segments  of  the  system. 

4.  Read  and  constructively  criticize  program  source  code 
produced  by  team  members  and  provide  technical  direction. 

5.  Maintain  an  awareness  of  programming  technology  and  tools, 
and  incorporate  these  into  project  development  where 
appropriate . 

5. 1.1. 2 Backup  Programmer 

Tne  backup  programraer  will  assist  the  chief  progranaiier  in  dis- 
charging management  responsibilities.  No  direct  managerial 
responsibility  is  assigned,  but  the  backup  prog^ramirier  is  ex- 
pected to  provide  technical  leadership  tlirough  daily  contact 
with  other  menUjers  of  the  team  to  circulate  and  evaluate  ideus 
on  and  status  of  system  development.  Specific  ways  backup  pro- 
grammer assists  the  chief  programmer  are: 

1.  Planning  project  requirements  and  allocating  resources. 

2.  Defining  requirements  eind  selecting  solutions  with  the 
customer. 

3.  Reviewing  technical  progress  and  strategy  in  regular 
contact  with  custoiner  counterpart. 

4.  Preparing  reports  on  project  status  for  higher  levels  of 
management  both  internal  and  customer. 
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5.  Substituting  for  or  participating  with  the  chief  pro- 
grammer in  giving  presentations  to  higher  levels  of 
management . 

6.  Assisting  the  enforcement  of  project  standards. 

The  backup  programmer  will  assist  the  chief  programmer  in  dis- 
charging technical  responsibilities  through  the  following 
activities ; 

1.  Confer  with  the  chief  programmer  in  the  formulation  and 
implementation  of  concepts,  design,  procedures  and  pro- 
grams for  the  system  under  development. 

2.  Investigate  complex  problem  areas  as  assigned  by  the  chief 
programmer,  postulate  solutions  and  analyze  trade-offs. 

3.  Assist  the  chief  programmer  in  the  design  and  coding  of 
critical  segments  of  the  system  and  develop  major  system 
programs  assigned  by  the  chief  programmer. 

4.  Read  and  review  the  code  of  other  team  members,  provide 
technical  direction. 

5.  Integrate  cind  check  out  modules. 

6.  Deliver  presentations  on  technical  subjects  and  project 
status  to  internal  and  customer  management,  as  appropriate. 

7.  Maintain  an  wareness  of  programming  technology  and  tools, 
evaluate  their  applicability  to  the  system  under  develop- 
ment, and  recommend  their  use  as  appropriate. 

5. 1.1. 3 Librarian 


The  librarian  is  responsible  for  the  creation  and  maintenance  of 
project  records.  In  discharging  this  responsibility  the  librar- 
ian will  supply  input  to,  or  operate  various  hardware  devices. 
Specific  responsibilities  are; 


1.  Establish,  with  the  chief  programmer,  the  project  files  and 
procedures  for  maintenance  of  the  files. 

2.  Identify  and  obtain  supplies  and  facilities  necessary  for 
file  maintenance. 

3.  Inform  team  members  of  the  procedures  for  submitting 
changes  to  the  files. 

4.  Carry  out  change  requests  in  an  orderly  and  timely  fashion. 

5.  Inform  team  members  of  status  of  all  work  requests  in 
progress . 
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6.  Validate  project  files  as  required.  Identify  procedural 
errors  and  correct  if  Dossible. 

7.  Maintain  logs  and  retention  schedules  for  project  files. 

8.  Prepare  various  status  and  statistical  reports. 

9.  Complete  forms/reports  to  support  the  collection  cf  manage- 
ment data. 


10.  Obtain  additional  clerical  assistance  (for  example,  key- 
punch support)  as  required. 

11.  Obtain  other  services  as  required  to  insure  tlie  proper 
'%’orkinc;  order  of  equipments  utilized  during  the  course  of 
the  project. 

12.  Perfoi-m  other  support  duties  as  assigned.  For  example, 
type  project  documentation,  order  supplies,  forward  tele- 
phone messages . 


5. 1.1. 4 Support  Programmer 


The  support  programmer  is  responsible  for  the  production  of  com- 
puter programs.  Specifically  he  will  perform  the  following 
u^sk.s : 


1.  Develop  plans  and  schedules  for  the  assigned  program. 

2.  Pxv/iew  technical  progress,  work  product  and  commitments 
with  the  chief  progranuner. 

Estimate  resource  requirements  such  as  equipment  and  com- 
Duter  time. 


4.  Analyze  program  objectives,  develop  or  modify  functional 
specif ications  as  necessary. 

5.  Design  and  implement  a feasible  and  efficient  program  to 
meet  objectives. 

6.  Submit  computer  runs  to  secretary /librarian  and  utilize 
computer  output  as  filed  and  prepared  by  librarian. 

7.  Learn  and  employ  the  specific  standards  on  the  project  for 
use  in  top-down  structured  programming  technology. 

8.  Identify  and  recommend  design  changes  to  hardware  and 
software. 


9.  Prepare  required  program  documentation. 


1 

1 
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5.1.2 


Top-Down  Design 


Top-down  design  is  a technique  in  which  the  Statement  of  Work  or 
program  specification  is  used  to  arrive  at  a set  of  initial 
functions  that  the  software  is  to  perform.  Modules  are  designed 
to  implement  these  functions  and  in  the  process  new  functions, 
usually  of  a simpler  nature,  are  defined.  The  process  is  con- 
tinued until  no  new  functions  are  defined.  The  result  of  this 
process  is  a set  of  modules  that  together  perform  a complicated 
function  but  individually  are  rather  easy  to  code,  debug,  test 
and  document. 

Following  is  a list  of  ways  that  a program  can  be  modularized; 

a.  Functional.  The  case  where  a module  performs  a single, 
discrete,  logical  transformation. 

b.  Hierarchical.  The  case  where  a program  is  modularized  on 
the  basis  of  a hierarchy  of  the  functions  of  the  program. 

c.  Communicational . The  case  where  a program  is  modularized 
by  grouping  input  and  output  activities  in  the  same  module. 

d.  Multi-Use.  The  case  of  modularizing  a program  by  logically 
grouping  activities  which  are  used  several  times  in  a pro- 
gram. This  type  of  module  usually  will  require  a control 
data  element  to  be  passed  to  it  to  determine  which  of 
various  types  of  processing  is  to  be  done. 

e.  Sequential.  The  case  where  a program  is  modularized  on  the 
basis  of  the  time  sequence  of  the  operations  of  the  pro- 
gram; that  is,  input  data,  process  data  and  output  data. 

f.  Coincidental.  The  case  of  modularizing  in  a rather  arbi- 
trary way  (for  exairple,  each  200  lines  constitute  a module, 
totally  disregarding  fxinctions)  . 

The  top-down  approach  to  design  usually  leads  to  functional 
modularization.  This  consideration  was  almost  always  used  in 
module  determination  for  the  Digital  ATEC  software  because  it 
led  to  uncomplicated  modules  which  could  be  understood  not  only 
by  support  programmers  but  nonprogrammers  as  well. 

5.1.3  Top-Down  Testing 

In  top-down  design  the  higher  level  or  more  complicated  modules 
are  designed  first.  They  reference  the  lower  level  or  less  com- 
plicated modules.  Top-down  testing  is  a technique  of  checking 
out  the  higher  level  modules  even  though  the  lower  ones  are  not 
yet  coded.  In  this  process,  the  uncoded  modules  are  replaced  by 
dummy  programs  called  stubs  which  are  coded  to  print  out  a 
message  and  other  pertinent  data  when  they  are  called  to  demon- 
strate that  the  module  under  test  is  working  properly.  When  the 
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module  represented  by  the  stub  is  coded,  it  is  incorporated  into 
the  system  and  checked  out  with  the  previously  tested  modules. 

By  building  up  the  system  by  testing  new  modules  in  the  presence 
of  previously  tested  modules,  interface'  problems  are  detected 
and  corrected  early  in  the  development  prccc'ss.  This  simplifies 
the  system  integration  process  considerably. 

5.1.4  Walk-Throughs 

The  concept  of  walk-throughs,  or  informal  reviews,  has  become  an 
integral  part  of  SP  as  a means  of  promoting  high  quality  soft- 
ware. In  its  basic  form,  a programmer  reviews  his  design  or 
code  with  a peer  by  simply  walking- through  the  segment  or  module. 
This  simple  technique  has  proven  many  times  over,  that  the  proc- 
ess of  explaining  to  someone  else  the  steps  of  a design  or  code 
will  by  itself  uncover  bugs  that  the  programmer  has  overlooked. 

A key  aspect  of  the  structured  walk-through  concept  lies  in  its 
connection  to  top-down  design  and  development.  At  a very  early 
stage  in  a programming  project,  the  programmer  should  be  able  to 
show  to  his  peers,  or  to  other  members  of  his  team,  his  design 
of  the  entire  program.  A great  deal  of  the  program  may  be  in 
the  form  of  dummy  modules,  but  the  overall  logic  and  structure 
should  be  present.  The  purpose  of  the  walk-through  is  to  ensure 
that  the  overall  logic  of  the  program  is  correct,  assuming  that 
the  dummy  modules,  when  implemented,  will  work  correctly.  Rather 
than  worrying  about  the  details  of  low-level  modules,  the  team 
concentrates  its  efforts,  at  the  beginning  of  the  project,  on  a 
review  of  the  high-level  structure  of  the  program,  thus  exposing 
any  major  flaws  that  the  progranuner  may  have  overlooked.  This 
process  then  continues  downward  through  the  program  hierarchy, 
as  the  top-down  design  progresses. 

5.1.5  HIPO  (Hierarchy-Input-Process-Output)  Diagrams 

Instead  of  traditional  flow  diagrams.  Hierarchical- Input-Process- 
Output  (HIPO)  diagrams  are  used  to  show  data  flow  through  the 
program.  After  the  structural  design  is  complete,  the  HIPO  dia- 
grams can  be  used  to  show  the  detailed  functions  of  each  module 
and  to  provide  a visual  table  of  contents  of  the  structure  of 
the  program.  These  HIPOs  are  generated  during  the  design  phase 
and  are  used  as  the  primary  documentation  for  the  system  design 
re  vi  ew . 

A typical  HIPO  package  contains  a visual  table  of  contents  ("H" 
of  HIPO)  and  the  process  charts  ("IPO"  of  HIPO).  The  H-charts 
(Figure  5-1)  present  a top-down  breakout  of  all  the  modules.  The 
IPO  charts  (Figure  5-2)  document  the  functions  of  each  module. 
They  are  easy  to  read  since  they  are  entered  at  the  top  and  exit 
at  the  bottom.  The  data  transfer  arrows  show  inputs  to  and  out- 
puts from  the  processing  block.  The  flow  of  the  processing  al- 
ways enters  at  the  top  of  the  process  block  and  leaves  from  tlie 
bottom  block.  If  control  is  passed  to  a lower  level  diagram,  it 
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is  always  returned  from  the  lower  level  diagram  to  the  point  of 
exit  of  the  higher  level  diagram.  Note  how  this  HIPO  diagram 
shows  the  nesting  of  functions  within  a specific  process,  thus 
reflecting  the  basic  concepts  of  the  structured  design. 

HIPO  is  a tool  which  stresses  functions  (that  is,  what  a program 
does  to  transform  input  data  to  output  data)  versus  how  it  per- 
forms the  functions.  It  can  be  used  to  aid  in  the  definition 
and  documentation  of  the  functional  and  interface  requirements 
of  a program.  This  is  in  contrast  with  the  Program  Design 
Language,  which  stresses  program  control  flow. 

HIPO  promotes  a top-down  functional  organization  of  systems  and 
programs.  The  designer  is  encouraged  to  decompose  the  program 
from  the  general  understanding  to  very  detailed  descriptions  of 
subfunctions . 

HIPO  concentrates  on  data  interfaces.  It  elevates,  by  using 
graphics , the  input  and  output  interfaces  to  the  same  level  as 
the  process  description.  A reader  can  easily  comprehend  the 
interfaces . 

Preparing  readable  HIPO  diagrams  improves  the  system  design 
process  since  more  people  can  contribute  to  a design  evaluation 
and  the  design  progress  is  mere  readily  recognized  and  controlled. 
Because  the  top-down  development  of  the  diagrams  parallels  the 
deductive  reasoning  process,  these  diagrams  are  a natural  support 
to  the  designer. 

The  HIPO  diagrams  can  also  be  used  as  an  aid  in  maintaining  a 
program  by  providing  the  maintenance  programmer  with  a way  of 
understanding  the  functions  without  having  to  rely  entirely  on 
narrative  descriptions. 

5.1.6  Program  Design  Language  (PPL) 

In  a program  design  language,  program  functions  are  expressed  in 
English  statements.  This  approach  to  program  design  has  several 
advantages.  It  replaces  flow  charts  for  the  system  documentation 
with  easy  to  read  descriptions.  Moreover,  there  is  a natural 
transition  from  the  top-down  design  expressed  in  this  manner  to 
the  actual  top-down  implementation  process. 

There  are  two  forms  of  program  design  language,  differing  in 
complexity,  pseudo  code  and  playscript.  Pseudo  code  is  more 
structured  in  that  it  expresses  the  design  only  in  a pre-selected 
set  of  structured  program  constructs  such  as  If-Then-Else,  Do 
While,  Case  and  Do  Until.  This  language  is  very  good  if  a form 
of  structured  code  available  in  higher  order  languages  is  going 
to  be  used.  The  playscript  form  is  less  structured  in  that  it 
uses  English  statements  in  a well  organized  form  to  express  a 
design.  It  is  more  applicable  for  programs  to  be  coded  in  machine 
language  in  that  it  expresses  the  design  while  not  dictating  how 
it  is  to  be  coded.  An  example  of  the  playscript  form  is  shown  in 
Figure  5-3. 
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PLAYS CRIPT 

1.6. 1.2  PROCESS  Tl-4000  SWITCH  ITEM  ($SPTSF) 

This  module  processes  Tl-4000  switch  display 
generator  items  for  the  system  overview 
display . 

1.  Call  ASBS  to  determine  if  major  alarm  set. 

2.  If  set: 

A.  If  scanner  bit  number  equals  highest  major 
alarm  (FALT) 

1)  Set  blink  indicator  (BLIN) . 

B.  Set  direction  indicator  {DIR=B) . 

C.  Set  color  indicator  (COLR)=R. 

D.  Call  SFMS  to  format  field  and  output  to 
field  file  (DF) . 

E.  Exit  module. 

3.  Call  ASBS  to  determine  if  minor  alarm  set. 

4 . If  set : 

A.  Set  direction  indicator  (DIR)-B.  (Both) 

B.  Set  color  indicator  (COLR)=R.  (Red) 

C.  Call  SFMS  to  output  field  to  field  file  (DF) . 

D.  Exit  module. 

FIGURE  5-3.  PLAYSCRIPT  EXAMPLE 
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5.1.7  Program  Support  Library 

A Program  Support  Library  (PSL)  serves  as  a repository  for  data 
necessary  for  the  orderly  development  of  computer  programs  using 
structured  programming  technology.  The  data  exists  in  two  forms 

• "Internal  data"  is  stored  in  machine  readable  form 
accesi ible  by  computer. 

• "External  data"  is  stored  in  hardcopy  (human  readable) 
form  in  project  notebooks. 

Included  with  a PSL  are  the  necessary  computer  and  office  pro- 
cedures for  manipulating  this  data. 

The  purpose  of  a PSL  is  to  support  the  program  development  proc- 
ess. This  involves  the  support  of  the  actual  programming  proces 
and  the  management  of  the  process. 

Support  of  the  programming  process  involves  support  of  the 
design,  coding,  testing,  documentation  and  maintenance  of  com- 
puter programs  and  the  associated  data-base  definitions.  A PSL 
provides  this  support  through; 

• Storage  and  maintenance  of  programming  data. 

• Output  of  programming  data  and  related  control  data. 

• Support  of  the  compilation  and  testing  of  programs . 

Support  of  the  management  of  the  programming  process  also  in- 
volves the  storage  and  output  of  progranmiing  data.  In  addition, 
it  involves; 

• Collection  and  reporting  of  management  data  related  to 
program  development. 

• Control  over  the  integrity  and  security  of  the  data  stored 
in  the  PSL. 

• Separation  of  the  clerical  activity  related  to  the  pro- 
gramming process. 

• Archive  of  program  development,  to  use  as  basis  for  future 
work . 

A PSL  supports  an  approach  in  which  people  work  on  a common, 
visible  product  rather  than  on  independent  pieces.  The  pro- 
grammers communicate  through  this  product  in  carrying  out  pro- 
grammer and  clerical  interface  activities.  A PSL  permits  a 
programmer  to  exercise  a wider  span  of  detailed  control  and  re- 
duces explicit  communication  requirements.  This  makes  it  easier 
to  bring  new  personnel  on-board  and  to  shift  programmers  from 
one  part  of  the  project  to  another. 
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A full-  or  part-time  librarian  is  responsible  for  maintaining  the 
internal  and  external  libraries,  but  the  programmers  are  respon- 
sible for  their  contents.  This  structure  of  responsibility  per- 
mits standardization  in  project  record-keeping  and  insures  that 
the  most  current  version  of  the  system  in  machine  readable  form 
corresponds  to  the  hard  copy  listing  in  the  library. 
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5.2  SOFTWARE  DESIGN 

The  purpose  of  this  program,  as  the  name  implies  (ATEC  Digital 
Adaptation  Study) , is  to  adapt  existing  ATEC  equipments  and  soft- 
ware to  digital  communications  technology.  From  the  previous 
study  phases  and  the  statement  of  work  for  Phase  II,  the  initial 
software  functions  were  determined  to  be; 


a.  Modify  existing  PATE  software  as  required  to  accomplish 
Digital  ATEC  functions. 

b.  Write  new  software  to  perform  nodal  control  functions  for 
a digital  system. 

c.  Write  new  software  to  provide  operator  interaction  to 
support  the  nodal  control  functions. 

5.2.1  PATE  Software  Modifications 


The  PATE  system  consists  of  a 316r  computer  with  16K  of  core 
memory  and  the  ability  to  interface  with  a Caelus  disk,  an 
ADDS  display,  a nucleus  siobsystem  through  a 150  Baud  data  line 
controller  and  a Signal  Parameter  Converter  drawer  (see  Fig- 
ure 5-4) . The  Signal  Parameter  Converter  is  a computer  controlled 
device  used  for  circuit  selection  through  A (bridge  on)  or  C 
(break)  type  scanners  and  signal  conversion  as  required  by  the 
particular  software  analysis  task  currently  in  core. 

PATE  software  provides  a task  oriented  operating  system  in  which 
tasks  are  loaded  and  executed  from  queues.  Tasks  are  scheduled 
from  a scan  sequencer,  by  the  operator  through  operator  inter- 
action or  by  other  tasks.  The  software  also  provides  interrupt 
processing,  real  time  clock  processing,  I/O  for  all  interfaces 
and  power  fail  recovery.  The  application  tasks  provide  perform- 
ance assessment  and  trend  analysis  on  the  following  type  circuits; 

a.  VF  - 100  to  4000  kHz 

b.  DC  - teletype 

c.  VFCT  - frequency  shift  keying 

d.  FDM  baseband. 

Out-of-service  tests  such  as  impulse  noise  measurements,  envelope 
delay,  phase  jitter,  and  net  loss  are  available  through  the  out- 
of-service  application  software  scheduled  and  run  at  operator 
request. 
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I FIGURE  ^>-4.  PATE  HARDWARE  EI.EMENTS 
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Figure  5-5  shows  the  modifications  made  for  the  Digital  Adapta- 
tion Study.  The  data  line  controller  port  is  still  used  only  it 
now  interfaces  the  computer  with  the  Master  Alarm  Display  (MAD) 
and  the  Measurement  Acquisition  Controller  (MAC)  through  a party 
line  configuration. 

The  MAD  is  used  for  monitoring  alarms  and  status  on  equipment  at 
all  levels  within  the  system  being  monitored.  The  MAC  is  used 
to  measure  equipment  power  supply  voltages  and  radio  AGC  voltages 
connected  through  the  A scanners.  The  Event  Per  Unit  Time  (EPUT) 
Monitor  and  Baseband  Eye  Monitor  (BEM)  are  new  equipments  built 
for  this  study.  The  EPUT  is  used  to  count  framing  errors  and 
re frames  on  the  Tl-4000  and  TlWBl  equipments  and  to  convert  these 
counts  to  a dc  voltage  available  via  the  A scanners  for  MAC 
measurement.  The  BEM  monitors  the  received  baseband  signal  be- 
tween the  radio  and  the  high  level  MUX  (Tl-4000)  and  presents 
three  dc  voltages  to  the  MAC.  These  voltages  give  an  indication 
of  the  eye  signal  level  (amplitude) , the  "noisiness"  of  the  eye 
pattern  (dispersion) , and  the  transient  noise  within  the  signal 
(hits) . 

Following  is  a description  of  the  commands  required  for  gathering 
data  from  the  MAC  and  MAD:  — 

a.  Major  Alarm  Summary.  A MAD  has  the  ability  to  Iceep  trac)t 
of  all  alarm  scanners  (up  to  10)  that  have  experienced  a 
transition  from  no  major  alarms  to  one  or  more  major  alarms. 
Any  of  the  50  available  alarms  on  an  alarm  scanner  can  be 
strapped  as  a major  alarm. 

A major  alarm  summary  is  requested  by  transmitting  the 
following  character  stream  to  the  MAD: 

@ a m\G 
where 

^ is  a control  S character  which  initializes  the  MAD. 

a represents  the  MAD  address. 

As  the  MAD  receives  characters  following  the  ^ it  echoes 
them  bacJt  to  the  transmitting  device.  Upon  receiving  the 
G character  the  MAD  transmits  one  character  per  alarm 
scanner  representing  its  major  alarm  status.  The  number  1 
indicates  that  the  alarm  scanner  has  one  or  more  major 
alarms.  The  letter  0 indicates  that  the  alarm  scanner  has 
no  major  alarms . The  data  is  terminated  with  a bac)tslash 
and  a chec)csum  character. 
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FIGURE  5-5.  DIGITAL  ATEC  HARDWARE  ELEMENTS 


b.  Alarm  Summary.  The  MAD  also  has  the  ability  to  send  the 
status  of  all  50  alarms  on  a particular  alarm  scanner. 

This  is  requested  by  sending  the  following  characters; 

a A n\G 

where 

is  a control  S character  which  initializes  the 
MAD. 

a represents  the  MAD  address. 

n is  the  Alarm  Scanner  (1-9) . 

Upon  receiving  the  G the  MAD  transmits  50  characters  in 
groups  of  10  (separated  by  spaces)  followed  by  a bac)tslash 
and  a checJcsum  character.  Each  of  the  50  characters 
represents  an  alarm  condition.  The  character  1 represents 
an  alarm  condition  and  the  character  O represents  no  alarm. 

c.  EPUT  Inhibit.  An  EPUT  is  a buffered  device.  It  counts 
events  for  a given  time  interval  then  dumps  the  results 
into  a holding  buffer.  Data  is  held  in  this  buffer  until 
it  is  updated  by  new  data  at  the  end  of  the  next  time 
interval.  The  inhibit  command  prevents  the  data  in  the 
holding  buffer  from  being  updated.  The  inhibit  function 
is  enabled  by  sending  the  following  characters  to  the 
associated  MAC; 

0 a / 9 1\G 

where 

0 is  a control  S character  which  initializes  the 
MAC. 

a is  the  MAC  address. 

9 represents  card  nine  of  the  scanner  drawer.  This 
is  the  EPUT  control  card. 

1 is  interpreted  by  the  control  card  as  the  inhibit 
function. 

All  characters  after  the  0 are  echoed  back  to  a trans- 
mitting device  and  there  are  no  characters  returned  after 
the  MAC  receives  the  G. 
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Dl  is  recocjiiized  by  the  addressed  MAC  as  a dc  voltage 
measurement  command. 

cr  is  the  scanner  card  and  relay  to  which  the  voltage 
is  connecced. 

All  characters  following  the  are  echoed  back  to  the 

transmitting  device.  After  receiving  the  G character  the 
MAC  closes  the  addressed  relay  and  makes  the  voltage 
measurement.  It  then  transmits  the  results  in  the  follow- 
ing ASCII  format: 


Cr  Lf  00  c r + X^X2  • X^X^X^V 


where 

Cr  is  a carriage  return  character. 

Lf  is  a line  feed  character. 

00  c r is  the  scanner,  card,  and  relay  address. 

± X1X2  • X3X4X5V  is  the  measured  voltage  returned 
as  three  significant  figures.  X1X2  are  always 
present.  X5  is  only  present  if  significance 
requires  it. 

f . MAC  Measurement  (multiple  channel) . The  MAC  has  the 
ability  to  automatically  step  through  a ~unber  of  voltage 
measurements.  This  is  requested  by  sending  the  following 
characters ; 

0 a D1  / Cj^r^  / C2r2\G 
where 

0 is  a control  S character  which  initializes  the 
MAC. 

a is  the  MAC  address. 

D1  is  recognized  by  the  addressed  MAC  as  a DC  voltage 
measurement  command. 

c^ri  is  the  scanner  card  and  relay  of  the  first 
voltuge  to  be  measured. 

C2r2  is  the  scanner  card  and  relay  of  the  last 
voltage  to  be  measured. 

All  characters  following  the  0 are  echoed  back  to  the 
transmitting  device.  After  receiving  the  G character  the 
MAC  automatically  measures  each  voltage  from  ciri  to 
C2r2  and  sends  a set  of  characters  representing  the 
voltage  as  defined  in  e above. 

g.  BEM  EPUT  Inhibit.  The  BEM  has  been  designed  to  operate 
as  an  option  to  the  MAC.  This  means  that  the  MAC  serves 
as  the  interface  for  control  information  between  the  BEM 
and  the  transmitting  device.  The  BEM  has  its  own  EPUT 
counter  used  for  counting  eye  hits.  In  order  to  inhibit 
this  EPUT  the  following  characters  must  be  sent  to  the  MAC 

0 a 0 1 M 1\g 
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where 

is  a control  S character  which  initializes  the 
i*lAC . 

a is  the  MAC  address. 

0 1 is  recognized  by  the  MAC  as  an  option  address. 

M 1 is  data  sent  to  the  BEM  by  the  fiAC.  It  is  recog- 
nized by  the  BEM  as  the  EPUT  inhibit  command. 

All  characters  following  the  are  echoed  back  to  the 

transmitting  device.  After  receiving  the  G character  the 
MAC  sends  the  Ml  data  to  the  BEM.  If  the  BEM  accepts 
the  data  the  i4AC  transmits  a + character  to  the  trans- 
mitting device.  If  the  BEM  is  not  operable  or  for  some 
reason  does  not  accept  the  data,  the  MAC  transmits  the 
character  Q to  the  transmitting  device. 

h.  BEM  Switch.  The  BEM  has  the  ability  to  make  eye  measure- 
ments on  any  one  of  nine  basebands.  To  switch  the  BEM 
to  a particular  baseband  the  following  characters  are 


sent  to 

the 

MAC: 

© 

a 01  MO  In\G 

where 

© 

is 

me 

a control  S character 

which 

initializes 

the 

a 

is 

the  MAC  address. 

01 

i s 

recognized  by  the 

MAC 

as 

an 

option  command. 

MO 

i s 

r>.-;i;ognized  by  the 

BEM 

as 

the 

initialize 

mode . 

In 

is 

the 

recognized  by  the 
input  to  channel 

BEM 

n. 

as 

the 

command  to 

switch 

The  handshaking  sequence  between  the  MAC  and  BEM  and  the 
returned  characters  to  the  transmitting  device  are  the 
same  as  in  g above. 

5. 2. 1.1  Data  Line  Controller  (DEC)  Software 


The  original  PATE  DEC  software  for  communicating  with  the  nucleus 
system  was  replaced  with  new  code  for  communicating  with  the  MAC 
and  I-IAD  devices.  Figure  5-6  describes  how  the  software  inter- 
faces with  the  data  line  controller.  The  DATEC  software  loads 
the  output  buffer  with  the  appropriate  command  characters  as 
described  above  along  with  a count  of  the  number  of  characters 
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to  be  transmitted.  Both  the  DLC  input  and  output  interrupts  are 
then  encvbled.  The  data  line  controller  hardware  interrupts  the 
computer  which  results  in  an  entry  into  the  DLC  output  routine. 
This  routine  transfers  a word  from  the  output  buffer  to  the  DLC 
which  transmits  the  character  contained  in  the  lower  eight  bits 
of  the  word  one  bit  at  a time  at  a 150  Baud  rate  over  the 
telemetry  line.  Upon  completion  the  DLC  again  interrupts  the 
computer.  This  process  continues  until  the  DLC  output  routine 
transfers  the  last  word  from  the  output  buffer  and  removes  the 
DLC  output  interrupt. 

Each  time  the  DLC  receives  eight  bits  of  information  and  packs 
them  into  the  lower  eight  bits  of  a 16  bit  word  it  interrupts 
the  computer.  This  results  in  an  entry  into  the  DLC  input 
routine  which  checks  for  a parity  error  and  puts  the  word  into 
the  input  buffer.  If  the  character  has  a parity  error  then  the 
sign  bit  of  the  word  is  set  before  storage. 

The  DLC  software  was  checked  out  during  system  integration.  The 
corrections  made  at  that  time  are  described  in  the  software  log 
book  No.  1159,  page  71  (included  as  an  Addendum  to  the  DATEC 
Field  Test  and  Evaluation  Program  Report) . No  other  problems 
occurred  in  this  software  during  in-plant  test  or  field  test. 

5. 2. 1.2  IQCS  Interface 


The  IQCS  software  is  the  PATE  application  task  responsible  for 
making  VF  measurements.  The  original  PATE  software  was  designed 
to  be  capable  of  passing  data  between  tasks  by  means  of  disk 
buffers.  The  IQCS  application  task  makes  use  of  this  feature 
by  providing  the  capability  of  passing  all  calculated  IQCS 
parameters  to  another  task.  A requirement  of  Digital  ATEC 
software  is  to  report  on  VF  channel  status  of  the  CY-104.  This 
involves  making  an  IQCS  measurement  and  determining  the  worst 
alarm  color  (Rired;  A:amber  or  none:  green)  of  all  the  parameters 
measured.  This  color  is  then  used  as  the  channel  status. 

The  IQCS  software  was  modified  to  include  the  worst  alarm  color 
in  the  disk  buffer.  This  was  a relatively  simple  modification 
in  that  it  involved  shuffling  only  some  data  base  items.  This 
software  was  checked  out  during  module  testing.  It  had  no 
problems  throughout  in-plant  and  field  testing. 

5. 2. 1.3  Addition  of  Nodal  Control  Operator  Interaction  Coirunand 

Each  application  task  in  the  PATE  system  has  an  associated  oper- 
ator interaction  task  providing  the  operator  with  the  capability 
of  accessing  and  changing  the  data  base  and  changing  system  con- 
trol. The  first  two  characters  of  an  application  task  command 
must  be  unique  to  that  task.  The  operator  interaction  scheduler 
recognizes  the  task  names  and  schedules  the  appropriate  operator 
interaction  task.  The  two  character  mnemonic  IJC  was  added  to 
the  list  of  acceptable  mnemonics  so  that  the  nodal  control  oper- 
ator interaction  task  could  be  scheduled  when  required. 
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5.2.2  Nodal  Control  Scan  Software 


The  primary  functions  of  the  nodal  control  scan  software  are; 

1.  Input  MAC/MAD/IQCS  data  in  a timely  sequence. 

2.  Compute,  alarm  and  trend  parameters  from  the  data  inputs. 

3.  Output  the  results  in  an  easily  understood  set  of  displays 
that  provide  the  nodal  control  operator  a means  of  assess- 
ing system  performance  and  isolating  faults. 

This  is  illustrated  in  the  hierarchy  diagram  of  Figure  5-7. 

5.2. 2.1  Input  MAC/MAD/IQCS  Data 

By  using  the  top  down  refinement  process  it  was  determined  that 
the  input  software  was  to  perform  the  following  functions; 

1.  Select  the  next  device  from  which  to  obtain  data. 

2.  Output  the  appropriate  command  to  the  device. 

3.  Process  the  data  received  from  the  device. 

4.  Store  the  results  of  the  processing. 

An  adequate  device  selection  scheme  was  defined  in  the  study 
phase  of  the  Digital  ATEC  Program  (ATEC  Digital  Adaptation  Study, 
Volume  III,  Page  80)  as: 

a.  Major  alarm  requests  every  30  seconds. 

b.  An  IQCS  measurement  at  the  nodal  site  every  30  seconds. 

c.  A complete  alarm  scanner  update  every  minute. 

d.  Collection  of  all  MAC  voltages  within  a 3 minute  period. 

e.  Collection  of  all  power  supply  voltages  (maintenance  volt- 
ages) at  least  once  an  hour. 

This  scheme  was  implemented  by  the  select  monitor  point  module 
described  in  Figure  5-8.  Each  of  the  scan  tables  shown  contain 
items  with  all  data  required  to  have  a command  sent  to  a measur- 
ing device  (MAC/MAD/IQCS)  and  the  returned  data  stored  in  the 
data  base.  All  the  scan  tables  have  a common  format  so  they  can 
be  accessed  by  the  single  module.  Get  Table  Item.  This  module  uses 

parameter  TSEL  to  determine  tfe  table  to  be  accessed.  It  then 

stores  the  address  of  the  table  item  in  parameter  TBAD  to  be  used 
by  other  modules.  The  type  of  command  (MAC/^4AD/IQCS)  is  also 
stored  in  parameter  CTYP  for  other  modules  to  reference.  The 
parameter  TSEL  is  then  modified  to  point  to  the  next  table  to  be 

accessed.  The  normal  selection  sequence  is  AXTB,  IQTB,  and  ADTB 

in  a continuous  cycle. 
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The  scan  sequence  used  for  the  field  tests  as  determined  by  the 
Select  Monitor  Point  module  is  shown  in  Figure  5-9.  The  result- 
ing cumulative  scan  time  is  slightly  less  than  four  minutes  for 
both  the  nodal  and  remote  sites.  Of  the  target  scan  interval 
times  determined  in  the  study  pphase,  all  but  the  Major  Alarm 
Summary  (MAS)  occurs  within  or  close  to  the  desired  interval.  In 
one  case  the  interval  between  the  last  MAS  in  the  scan  (occurring 
at  cumulative  elapsed  time  of  180.6  seconds)  and  the  first  MAS  in 
the  scan  is  63.4  seconds  as  compared  with  the  desired  30  second 
period.  This  longer  interval  results  from  the  fact  that  it  was 
decided  just  prior  to  in-plant  checkout  tests  of  DATEC  to  measure 
Maintenance  Voltages  for  each  site  on  every  other  scan  (as  opposed 
to  once  every  hour) . It  is  a simple  matter  to  change  the  MAS 
interval  as  described  in  the  following  paragraph.  It  was  not 
changed  for  the  field  tests  because  (1)  the  occurrence  of  a major 
alarm  would  have  a uniform  probability  of  occurring  any  time  with- 
in the  63.4  second  interval  and  therefore  on  the  average  would 
occur  within  32  seconds  of  a MAS,  and  (2)  the  independent  alarm 
system,  SSFSS,  would  report  all  major  alarms  at  the  Alarm  Display 
units  within  four  seconas. 

Another  way  of  illustrating  the  scan  update  times  is  in  terms  of 
the  alarm/parameter  types  as 'shown  in  Figure  5-10.  This  figure 
also  shows  scan  times  for  a nodal  control  site  with  a jurisdiction 
of  16  stations,  and  update  times  for  the  Monitor  Immediate  scan 
mode.  The  Monitor  Immediate  mode  was  implemented  just  prior  to 
field  tests  and  replaced  another  similar  mode  called  Temporary 
Scan,  which  was  in  use  during  in-plant  tests  at  Honeywell.  This 
model  features  an  abbreviated  scan  which  monitors  only  those 
parameters  selected  by  the  operator  in  the  nodal  command  statement 
entered  via  the  keyboard.  The  Monitor  Immediate  mode  is  discussed 
in  Paragraph  5.2.3  of  this  report. 

The  Table  ADTB  contains  data  for  MAC  measurement  commands.  Each 
item  in  this  table  contains  a maintenance  bit.  If  it  is  set  it 
causes  the  next  item  to  be  selected  from  the  maintenance  table 
MNTB  before  the  return  to  AXTB.  This  scheme  provides  the  capabil- 
ity of  varying  the  rate  at  which  maintenance  voltages  are  scanned. 
Each  item  of  all  scan  tables  also  has  a bit  that  if  set  causes  a 
major  alarm  summary  command  to  be  sent  to  the  MAD  before  the  next 
scan  table  is  accessed.  This  provides  the  capability  of  varying 
the  rate  at  which  major  alarms  are  interrogated. 

The  results  of  the  refinement  of  the  input  function  are  shown  in 
Figure  5-11.  Module  1.3  is  responsible  for  outputting  the  alarm 
summary  command  to  the  MAD  and  storing  the  results  in  the  alarm 
summary  table  in  the  data  base.  Module  1.2  is  responsible  for 
outputting  the  major  alarm  summary  command  to  the  MAD  and  if  major 
alarms  have  occurred,  calling  Module  1.3  to  update  the  alarm 
scanner  table.  Module  1.4  is  responsible  for  inputting  MAC  volt- 
ages. This  involves  outputting  EPUT  and  BEM  commands  if  required, 
outputting  MAC  voltage  measurement  commands,  loading  the  site  data 
base  containing  voltage  tables  and  parameter  tables  for  the  site, 
converting  and  storing  the  returned  voltages  and  recovering  incor- 
rect voltages  due  to  telemetry  problems  if  necessary. 
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FIGURE  5-9.  SCANNING  SEQUENCE 
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Monitor 

Normal  Update  Immediate 


Major  Alarm 

Ft.  Huachuca 
(2  sites) 

16  Sites 

Loss  of  Service 

<4  sec* 

<4  sec* 

Alarm  and  Status 

2 state  alarm  or 
indicator 

1 min 

8 min 

10  sec 

Analog/Digital  Parameters 

RSL  1 

FER  J 

4 min 

32  min 

8 sec** 

Eye  Parameters 

8 min 

64  min 

8 sec*** 

Analog  Maintenance 
Parameters 

8 min 

64  min 

20  sec 

* SSFSS 

**  FER  update  determined  by  EPUT  Timebase 

***  Eye  Hits  update  determined  by  BEM  EPUT  Timebase 


N(VrE:  FIGURE  5-10,  UPDATE  TIMES 

In  the  figure  above  with  exception  of  Loss  of  Service,  the  update 
times  for  16  sites  are  merely  extrapolations  of  single  link  scan 
rates  with  a scan  sequence  such  as  that  used  at  Fort  Huachuca 
(see  Figure  5-9).  Loss  of  service  major  alarms  are  monitored 
by  the  Sudden  Service  Failure  Sensing  System  and  are  reported 
in  less  than  four  seconds  regardless  of  the  number  of  sites.  The 
update  times  of  G4  minutes  for  eye  and  maintenance  voltage  para- 
meters for  instance  assume  only  one  update  for  an  entire  16  site 
scan.  Reducing  the  update  time  for  a given  parameter  is  simply 
a matter  of  changing  the  scan  sequence.  It  takes  approximately 
2.  5 seconds  to  obtain  a MAC  voltage  measurement.  The  only 
restriction  is  that  the  update  cannot  bo  requested  more  frequently 
than  the  ICPUT  timebase  frequency  for  those  parameters  where 
such  a timebase  is  involved.  This  would  be  90  seconds  for  eye 
hits  and  3 1/2  minutes  for  multiplexer  FFR  measurements. 
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The  output  modules  (1.2.1,  1.3.1,  1.4.1,  1.4.2,  1.4.3)  are  respon- 
sible for  loading  the  output  buffer  used  by  the  DLC  software  with 
the  characters  as  described  in  Paragraph  5.2.1. 

* / 

All  of  the  input  modules  make  use  of  common  function^  provided  by 
service  routines.  Module  4.11  initiates  transmis'sion  by  enabling 
the  DLC  input  and  output  interrupts.  Module  4.9  verifies  that  the 
echoed  back  command  is  the  same  as  that  transmitted  and  initiates 
retransmission  if  an  error  is  detected.  Module  4.16  waits  until 
the  DLC  indicates  that  the  commanded  device  has  returned  its 
data.  It  provides  an  error  message  if  a maximum  of  20  seconds 
elapses  before  the  DLC  indication. 

Module  4.22  is  common  to  Modules  1.4.5  and  1.4.6.  It  converts 
the  ASCII  voltage  contained  in  the  DLC  input  buffer  to  a binary 
form  and  stores  it  in  the  site  voltage  table.  Module  4.18  is 
common  to  Modules  1.2  and  1.3.  It  converts  the  ASCII  alarm  sum- 
mary data  returned  by  the  MAD  to  bit  representations  in  the  alarm 
scanner  table.  The  data  transformation  provided  by  the  input 
modules  is  illustrated  in  Figure  5-12.  Table  5-1  shows  the  equip- 
ment status  and  alarm  states  provided  by  the  alarm  scanners  for 
the  field  demonstration.  Table  5-2  describes  the  MAC  voltages 
collected.  The  voltage  type  codes  listed  in  Table  5-2  mean  the 
following: 

D - Direct  MAC  voltage  measurement 

EL  - EPUT  Latch.  0 volt  = not  latched,  4.5  ±0.5V  = latched 
condition 

EC  - EPUT  count.  A voltage  proportional  to  the  count 

B - BEM  output 

S - Scaled  MAC  voltage. 
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TABLE  5-1.  EQUIPMENT  ALARMS  AND  STATUS 
(HUA  AND  SBL) 

Alarm 

No . Description 

1 Radio  Rj^  Alarm 

2 Tl-4000  Switch  Major  Alarm 

3 CY-104  Service  Alarm 

4 TlWBl  Office  Alarm 

5 Site  Alarm 

6 (Not  Used) 


7 

Radio  A 

Rj^  Problem 

8 

Radio  B 

Rjj  Problem 

9 

Radio  A 

Tjj  Problem 

10 

Radio  B 

T Problem 

11 

Radio  A 

Maintenance 

12 

Radio  B 

Maintenance 

13 

Radio  B 

Rjj  In  Service 

14 

Radio  B 

T In  Service 

A 

15 

Tl-4000 

Norm  Major  Alarm 

16 

Tl-4000 

Stby  Major  Alarm 

17 

Tl-4000 

Switch  Minor  Alarm 

18 

Tl-4000 

Stby  Rj^  In  Service 

19 

Tl-4000 

Stby  In  Service 

20 

Tl-4000 

Norm  Maintenance 

21 

Tl-4000 

Stby  Maintenance 

22 

CY-104  Remote  Alarm 

23 

CY-104  Maintenance 

24 

TlWBl  Maintenance 

Major  Alarms 
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I TABLE  5-1.  EQUIPMENT  ALARMS  AND  STATUS 

‘ (HUA  AND  SBL)  (Continued) 


Alarm 

No . Description 


25 

Entry  Alarm 

26 

Fire  Alarm 

27 

AC  Power  Alarm 

28 

Battery  Alarm 

29 

Wave  Guide  Pressure 

Alarm 

30 

Wave  Guide  Humidity 

Alarm 

31 

Flood  Alarm 

TABLE  5-2.  MAC  VOLTAGES 


MAC 

Channel 

Description 

Voltage 

Type 

1 

Radio  A AGC 

(D) 

2 

Radio  B AGC 

(D) 

3 

TlWBl  Re frame 

(EL) 

4 

TlWBl  Frame  Error  Count 

(EC) 

5 

Link  Availability 

(EL) 

6 

Radio  R^  A Squelch 

(EL) 

7 

Radio  Rj^  B Squelch 

(EL) 

8 

BEM  A Amplitude 

(B) 

9 

BEM  A Dispersion 

(B) 

10 

BEM  A Hits 

(B) 

11 

BEM  3 Amplitude 

(B) 

12 

BEM  B Dispersion 

(B) 

13 

BEM  B Hits 

(B) 

14 

Tl-4000  Reframe  - normal 

(EL) 

15 

Tl-4000  Reframe  - standby 

(EL) 

16 

Tl-4000  Frame  Error  Count  - 

normal 

(EC) 

17 

Tl-4000  Frame  Error  Count  - 

standby 

(EC) 

18 

TlWBl  +15  VDC  Supply 

(S) 

19 

TlWBl  +12  VDC  Supply 

(S) 

20 

Tl-4000  +5  VDC  Supply 

(S) 

21 

Tl-4000  -6  VDC  Supply 

(S) 

22 

Radio  +24  VDC  Supply 

(S) 

23 

Radio  -20  VDC  Supply 

(S) 

5. 2. 2. 2 


Compute,  Alarm,  Trend  Parameters 


The  primary  purpose  of  this  function  is  to  transform  the  voltages 
and  alarm  scanner  data  to  a set  of  parameters,  alarm  colors  and 
statistical  values  determined  as  useful  for  performance  assess- 
ment, trend  analysis  and  fault  isolation  within  the  digital  com- 
munication environment.  The  results  of  the  refinement  of  this 
function  are  shown  in  Figure  5-13.  This  was  a rather  straight- 
forward process  in  that  modules  were  defined  to  process  each 
type  of  voltage  collected.  The  data  structure  for  this  function 
is  shown  in  Figure  5-14.  For  each  voltage  table  item,  there 
corresponds  a pointer  into  the  parameter  directory  file  which 
leads  to  an  item  containing  all  the  information  required  to  com- 
pute, alarm  and  trend  the  parameter  or  parameters  associated  with 
that  voltage.  Table  5-3  describes  the  contents  of  the  parameter 
value  table  and  the  voltages  used  in  computing  each  item. 

A parameter  directory  file  item  contains  the  following  information; 

a.  Computation  index.  Used  to  determine  which  processing  module 
to  enter. 

b.  Voltage  table  pointers  for  accessing  current  voltage  values. 

c.  Alarm  scanner  table  pointers  for  determining  equipment  in 
service  and  maintenance  status. 

d.  Conversion  table  indicators.  Used  to  load  the  desired  table 
for  table  look-up  procedures  when  required. 

e.  Pointers  into  the  parameter  value  table  for  results  storage. 

The  service  modules  described  in  Figure  5-13  perform  the  following 
functions: 

a.  Module  4.4  (Convert  voltages).  Input  to  this  module  is  a 
voltage  value  and  a table  indicator.  It  loads  the  indicated 
table  into  memory  and  uses  a linear  interpolation  technique 
to  produce  a floating  point  resultant  value. 

b.  Module  4.8.1  (Alarm  parameter).  This  module  is  entered  after 
a parameter  is  computed  and  it  is  determined  from  the  site 
alarm  trend  table  that  it  is  enabled  for  alarming.  It  uses  a 
threshold  indicator  found  in  the  site  alarm  trend  table  for 
loading  a set  of  thresholds  from  the  alarm  threshold  file. 

An  alarm  color  (red,  amber,  green)  is  then  generated  by 
determining  where  the  parameter  value  fits  in  the  alarm 
thresholds . 
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SERVICE  ROUTINES 


1.  CONVERT  VOLTAGES  (A. 4) 

2.  ALARN/TREND  PARANETERS  (4.0.1,  4.0.2) 

3.  ALARN  SCANNER  SIT  SEARCH  (4.13) 

4.  CONFUTE  TAOIE  ADDRESS  (4.14) 

5.  SET/RESET  INVALID  OIT  (4.17) 

D.  INCRENENT  COUNTER  (4.10) 


FIGURE  5-13.  COMPUTE/ALARM/TREND  PARAMETER  HIERARCHY 


1 


FIGURE  5-14.  DATA  STRUCTURE  FOR  COMPUTE,  ALARI4 
TREND  PARAMETERS  FUNCTION 
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TABLE  5-3 


PARAMETER  VALUE  TABLE 


Parameter 

Number 


Description 


Voltage 

Table 


RSL  A MARGIN 
RSL  A SCAN  COUNT 
RSL  A AVAILABLE  COUNT 
LINK  SCAN  COUNT 
LINK  AVAILABLE  COUNT 
RSL  B MARGIN 
RSL  B SCAN  COUNT 
RSL  B AVAILABLE  COUNT 
EYE  A MARGIN 
EYE  A SCAN  COUNT 
EYE  A AVAILABLE  COUNT 
EYE  A VOLTAGE 
LINK  DERIVED  BER 
EYE  B MARGIN 
EYE  B SCAN  COUNT 
EYE  B AVAILABLE  COUNT 
EYE  B VOLTAGE 
EYE  AMPLITUDE  A 
EYE  AMPLITUDE  B 
EYE  HITS  A 
EYE  HITS  B 
TlWBl  REFRAME  COUNT 
TlWBl  FRAME  ERROR  COUNT 
RADIO  A RX  SQUELCH  COUNT 
RADIO  B RX  SQUELCH  COUNT 
Tl-4000  CONTROL  REFRAME  COUNT  - NORM 
REFRAME/SQUELCH  COUNT  - NORM 
REFRAME/HIT  COUNT  - NORM 
Tl-4000  CONTROL  REFRAME  COUNT  - STBY 
REFRAME/SQUELCH  COUNT  - STBY 
REFRAME/HIT  COUNT  - STBY 
Tl-4000  FRAME  ERROR  COUNT  - NORM 

FER  SCAN  COUNT  - NORM  1 p^n  AVAILABILITY  - NORM 
FER  AVAILABLE  COUNT  - NORM  J AVAILABILIIY  NUKM 

BER  CORRELATION  DIFF  - NORM 
Tl-4000  FRAME  ERROR  COUNT  - STBY 
FER  SCAN  COUNT  - STBY 
FER  AVAILABLE  COUNT  - STBY 
BER  CORRELATION  DIFF  - STBY 
TlWBl  +15VDC  SUPPLY  VOLTAGE 
TlWBl  +liiVOC  SUPPLY  VOLTAGE 
Tl-4000  +5VDC  SUPPLY  VOLTAGE 
Tl-4000  -6VDC  SUPPLY  VOLTAGE 
RADIO  ^24VDC  SUPPLY  VOLTAGE 
R''DIO  -20VDC  SUPPLY  VOLTAGE 


■ RSL  A AVAILABILITY 
•LINK  AVAILABILITY 

I RSL  B AVAILABILITY 

j-  EYE  A AVAILABILITY 

]■  EYE  B AVAILABILITY 


1 

1 

1 

5 

5 
2 
2 
2 
9 
9 
9 
9 
9 

12 

12 

12 

12 

8 

11 

10 

13 

3 

4 

6 
7 

14 

14.6.7 

14.10.13 

15 

15.6.7 

15.10.13 

16 
16 
16 

16.9.12 
17 

17 

17 

17.9.12 

18 

19 

20 
21 
22 
23 


178 


c.  Module  4.8.2  (Trend  parameters).  This  module  is  entered 
after  a parameter  is  computed  and  it  is  determined  from 
the  site  alarm  trend  table  that  its  value  is  to  be  entered 
in  the  statistics  file.  This  is  done  in  one  of  three 
ways  determined  by  the  trend  indicator. 

1.  The  value  is  added  to  the  current  values  list  and  the 
last  hour,  the  last  24  hours,  the  last  30  days  and  the 
last  30  months  sums  are  computed  as  required. 

2.  The  value  is  added  to  the  current  values  list  and  the 
last  hour,  the  last  24  hours,  the  last  30  days  and  the 
last  30  months  mean  and  standard  deviation  are  computed 
as  required. 

3.  The  value  is  added  to  the  current  values  list  and  the 
sum  is  computed  for  the  last  hour  and  last  24  hours  and 
the  mean  and  standard  deviation  is  computed  for  the 
last  30  days  and  the  last  30  months. 

Input  to  this  module  is  the  parameter  number.  This  is 
used  to  obtain  the  parameter  value  and  trend  indicator. 
The  statistics  are  updated  and  stored  in  the  parameter 
statistics  file  on  disk.  Figure  5-15  shows  the  results 
of  the  refinement  process  for  this  and  the  alarm  module. 
Table  5-4  describes  the  type  of  trending  performed  on 
each  of  the  parameters  computed. 

4.  Module  4.13  (Alarm  scanner  bit  search) . This  module  is 
used  to  determine  an  equipment's  status  and  alarm  states 
as  indicated  in  the  alarm  summary  table.  Input  is  the 
alarm  scanner  number  and  alarm  number.  Output  is  the 
alarm  state  currently  held  in  the  table. 

5.  Module  4.14  (Compute  table  address).  This  module  is  used 
to  compute  the  address  of  a table  item  given  the  starting 
address  of  the  table  and  a relative  word  location. 

6.  Module  4.17  (Set/reset  invalid  bit).  During  input 
processing,  a voltage  is  leibeled  invalid  if  it  cannot 
be  successfully  input  after  three  tries.  When  the  com- 
putation modules  detect  this,  they  must  set  as  invalid 
all  parameters  dependent  on  this  voltage.  This  indica- 
tion is  set  in  the  site  alarm  trend  table  and  is  used  by 
the  output  display  modules.  This  module  (4.17)  is  used 
to  set  or  reset  the  invalid  indicator  in  the  site  alarm 
trend  table. 
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TABLE  5-4.  TRENDING  PER  PARAMETER 

Trend 

Parameter 

Level 

Number 

Description 

Indicator 

1 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 


RSL 

EYE 

EYE 

EYE 

EYE 


} 


} 


A 

B 


RSL  A MARGIN 
RSL  A SCAN  COUNT 
RSL  A AVAILABLE  COUNT 
LINK  SCAN  COUNT 
LINK  AVAILABLE  COUNT 
RSL  B MARGIN 
RSL  B SCAN  COUNT 

AVAILABLE  COUNT 
MARGIN 
SCAN  COUNT 
AVAILABLE  COUNT 
VOLTAGE 

LINK  DERIVED  BER 
EYE  B MARGIN 
EYE  B SCAN  COUNT 
EYE  B AVAILABLE  COUNT 
EYE  B VOLTAGE 
EYE  AMPLITUDE 
EYE  AMPLITUDE 
EYE  HITS  A 
EYE  HITS  B 
TlWBl  REFRAME  COUNT 
TlWBl  FRAME  ERROR  COUNT 
RADIO  A RX  SQUELCH  COUNT 
RADIO  B RX  SQUELCH  CQUNT 
Tl-4000  CONTROL  REFRAME  COUNT 
REFRAME/SQUELCH  COUNT  - NORM 
REFRAMF/HIT  COUNT  - NORM 
Tl-4000  CONTROL  REFRAME  COUNT  - STBY 
REFRAME/SQUELCH  COUNT  - STBY 
REFRAME/HIT  COUNT  - STBY 
Tl-4000  FRAME  ERROR  COUNT  - NORM 
FER  SCAN  COUNT  - NORM 
FER  AVAILABLE  COUNT  - NORM 
BER  CORRELATION  DIFF  - NORM 
Tl-4000  FRAME  ERROR  COUNT  - STBY 
FER  SCAN  COUNT  - STBY 
FER  AVAILABLE  COUNT  - STBY 
BER  CORRELATION  DIFF  - STBY 
TlWBl  +15  VDC  SUPPLY  VOLTAGE 
TlWBl  +12  VOC  SUPPLY  VOLTAGE 
Tl-4000  +5  VDC  SUPPLY  VOLTAGE 
Tl-4000  -6  VUC  SUPPLY  VOLTAGE 
RADIO  +24  VDC  SUPPLY  VOLTAGE 
RADIO  -20  VDC  SUPPLY  VOLTAGE 


RSL  A AVAILABILITY 


LINK  AVAILABILITY 


RSL  B AVAILABILITY 


EYE  A AVAILABILITY 


EYE  B AVAILABILITY 


NORM 


in. 

} 


FER  AVAILABILITY  - NORM 


2 

1 

1 

1 

1 

2 

1 

1 

2 

1 

1 

2 

2 

2 

1 

1 

2 

2 

2 

2 

2 

3 

1 

1 

1 

3 

1 

1 

3 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 

2 

2 

2 

2 

2 

2 
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The  purpose  of  the  output  display  function  is  to  present  the 
results  of  the  data  collection  and  parameter  calculation  func- 
tions in  a meaningful  way  for  the  operator  to  assess  system 
performance  and  isolate  faults.  It  was  determined  in  the  study 
phase  of  the  program  that  data  could  be  presented  adequately  in 
four  types  of  displays  (see  ATEC  DIGITAL  ADAPTATION  STUDY  - 
VOL.  Ill,  PG  42) . 

a.  Overview  Display.  This  is  the  highest  level  CRT  display. 

It  provides  a current  summary  of  system  aberrations,  by 
indicating  equipment  alarms  not  limited  to  service 
failure,  and  indications  of  parameters  which  are  outside 
their  tolerance.  It  is  organized  by  link  and  site  so 
that  the  relationship  of  failure  or  degradation  to  the 
communication  system  may  be  readily  perceived  (see 
Figure  5-16)  . 

The  columns  in  the  display  represent  network  geography. 

A column  of  data  is  used  to  represent  the  conceptual 
middle  of  a site.  Equipment  to  the  right  of  the  dots 
are  elements  of  a link  facing  to  the  right. 

The  higher  level  equipment  is  segregated  by  rows  across 
the  display.  A row  is  used  for  the  "A"  radio,  the  "B" 
radio,  the  Tl-4000  protective  switch  and  the  "A"  and  "B" 
Tl-4000. 

For  the  lower  level  multiplex  equipment,  a slightly  dif- 
ferent method  of  display  is  used.  In  columns,  to  the 
proper  side  of  the  colvunn  of  dots,  the  alarm  states  are 
displayed  with  the  equipment  number  and  the  appropriate 
direction  of  transmission  symbology. 

R - red  alarm.  Indicates  an  equipment  alarm. 

A - amber  alarm.  Indicates  a parameter  out  of 
tolerance . 

I - in-service  equipment. 

S - standby  equipment. 

M - out-of-service  for  maintenance. 

< > - both  or  ambiguous  directions  of  transmission. 

> - transmit  direction  if  on  right  side  of  column  of  dots 
receive  direction  if  on  left  side  of  column  of  dots. 

< - transmit  direction  if  on  left  side  of  column  of  dots 

receive  direction  if  on  right  side  of  column  of  dots. 
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SYSTEM  OVEtVIEH  TIME  ‘Ml/0946a52 


FIGURE  5-16.  SYSTEM  OVERVIEW  DISPLAY 


Red  alarms  are  generated  by  the  following  conditions: 

Radio  TX  - RF  power  or  pilot  or  frequency  alarm 

Radio  RX  - pilot  or  squelch  alarm 

Tl-4000  Switch  - major  or  minor  alarm 

Tl-4000  Multiplex  - major  alarm 

CY-104  - service  or  remote  alarm 

TlWBl  - office  alarm 

Amber  alarms  are  generated  by  parameters  which  have  ex- 
ceeded a preset  threshold  value.  They  are: 

Radio  - RSL  margin.  Eye  margin 

Tl-4000  - control  reframe,  main  frame  bit  errors 
CY-104  - VF  receive  or  transmit  channel  red  or  amber 
TlWBl  - reframe,  frame  bit  errors 

b.  Link  Status  Display.  The  next  level  of  output  is  the  link 
status  display.  This  is  an  indication  of  the  current  status 
of  the  link,  including  alarm  states,  equipment  in  service, 
monitored  parameter  values,  and  site  alarms  at  each  end  of 
the  link.  This  display  is  used  for  detailed  examination 

of  failures  and  evident  degradation  (see  Figures  5-17  and 
5-18)  . 

c.  Performance  Assessment  Display.  Below  the  link  status 
display,  in  terms  of  immediacy,  is  the  performance  assess- 
ment display,  one  for  each  link  with  four  pages  per  display. 
These  provide  the  last  measured  values  of  monitored  and 
derived  parameters,  together  with  statistical  running 
averages  of  past  values  extending  over  hourly,  daily, 
monthly,  and  30  month  periods.  The  primary  functions  of 
this  display  are  to  detect  and  localize  degradation  which 
has  developed  over  a considerable  time  period  (see  Fig- 
gures  5-19  through  5-21)  , 

d.  Maintenance  Display.  This  display  has  the  function  of 
displaying  the  present  value,  the  alarm  limits,  and 
historical  averages  and  deviation  of  power  supply  voltages 
at  a site  (see  Figure  5-23)  . 

The  refinement  of  this  function  resulted  in  the  modu  es  shown  in 
Figure  5-24.  The  first  level  indicates  that  a moduli?  was  defined 
to  process  each  display  type.  All  pages  of  the  Link  Performance 
Assessment  Displays  were  so  similar  that  only  one  module  was 
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FIGURE  5-17.  LINK  STATUS  PAGE  ONE 


FIGURE  5-18.  LINK  STATUS  PAGE  TWO 


FIGURE  5-19.  LINK  PERFORMANCE  ASSESSMENT  PAGE 


FIGURE  5-20.  LINK  PERFORMANCE  ASSESSMENT  PAGE 


FIGURE  5-22.  LINK  PERFORTIANCE  ASSESSMENT  PAGE 


SERVICE  ROUTINES 


FIGURE  5-24.  OUTPUT  DISPLAY  HIERARCHY 


required  to  process  all  of  them.  Module  1.6.6  was  defined  to 
read  a particular  display  field  file  after  all  fields  have  been 
generated  and  have  it  written  on  the  ADDS  display.  Module  1.6.7 
was  defined  to  output  the  date/time  group  in  the  upper  right 
hand  corner  of  the  ADDS  screen.  Further  refinement  was  done  on 
a functional  basis  resulting  in  modules  that  process  individual 
fields  of  a display. 

The  data  structure  for  the  modules  defined  is  shown  in  Fig- 
ure 5-25.  The  display  fields  file  contains  all  of  the  fields 
for  each  display  type.  Items  within  this  file  are  variable 
in  length  and  contain  the  following  information. 

a.  The  number  of  characters  in  the  field. 

b.  An  indicator  used  to  determine  if  the  field  should  blink. 

c.  An  indicator  telling  whether  the  field  has  changed  state 
or  not. 

d.  The  row  and  coliomn  at  which  the  field  is  to  begin  on  the 
screen. 

e.  The  field  contents. 

The  file  is  divided  into  two  sections — one  containing  only  the 
fixed  display  fields  for  all  displays  and  the  other  containing 
the  variable  fields  to  be  generated  by  the  processing  modules. 
The  reason  for  this  separation  was  for  speed  of  processing.  It 
was  felt  that  the  base  displays  (i.e.,  fixed  fields)  would  be 
painted  on  the  screen  less  often  than  the  variable  fields.  They 
would  be  brought  up  once  and  from  then  on  only  the  variable 
fields  updated.  The  base  display  would  only  be  brought  up  if 
it  was  not  currently  on  the  screen.  A complete  pass  must  be 
made  over  the  variable  fields  of  a display  each  time  the  display 
is  updated.  By  separating  the  fixed  and  variable  fields,  the 
number  of  items  processed  for  an  update  is  reduced,  therefore, 
reducing  the  update  time. 

The  display  generator  file  is  divided  into  eight  sections,  one 
for  each  display  type.  Each  section  is  further  divided  into 
groups  of  items  for  each  site  in  the  system  being  monitored. 

Each  item  contains  all  information  required  to  generate  a vari- 
able field  of  the  particular  display.  This  information  is  in 
the  form  of  pointers  into  the  five  data  tables  shown  in  Fig- 
ure 5-25. 

The  output  display  module  is  entered  as  a result  of  operator 
request  or  a determination  by  the  nodal  control  scan  module 
that  a display  update  is  required.  (This  is  determined  by  a 
bit  in  the  scan  table  items  providing  for  variability  in  the 
output  interval.)  If  the  requested  display  is  not  the  one  on 
the  screen,  then  the  fixed  fields  are  transferred  from  the 
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display  fields  file  to  the  screen  by  module  1.6.6  (Output  Display 
Fields  File)  followed  by  the  currently  held  variable  fields.  The 
appropriate  processing  modules  are  then  called.  They  in  turn  use 
the  site  data  from  the  display  generator  file  for  the  display 
being  processed  to  generate  the  variable  fields  and  transfer 
them  to  the  display  field  file.  When  all  processing  is  complete, 
module  1.6.6  is  again  called  to  output  the  variable  field  to  the 
screen.  This  time  only  those  fields  that  have  changed  are  output. 

5. 2. 2. 4 Functional  Flow 

Figure  5-26  shows  how  the  modules  of  the  nodal  control  scan  proc- 
ess are  functionally  related.  When  an  IQCS  measurement  is  per- 
formed, it  involves  leaving  the  nodal  control  scan  task  and 
entering  the  PATE  IQCS  measurement  task.  It  makes  its  VF  measure- 
ment and  reschedules  the  nodal  control  scan  task,  passing  the 
channel  alarra  color  through  a disk  buffer.  The  PATE  modifications 
required  to  do  this  are  described  in  Paragraph  5. 2. 1.2.  Upon 
reentry,  the  channel  alarm  color  is  stored  in  the  VF  table  for 
further  processing. 

The  test  for  operator  interrupt  is  made  by  module  4.12  (see 
Figure  5-11).  If  the  operator  has  requested  service,  the  nodal 
control  operator  interaction  task  is  scheduled. 


i 

i 
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FIGURE  5-26.  FUNCTIONAL  FLOW  OF  NODAL  CONTROL  SCAN 
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5.2.3 


Nodal  Control  Operator  Interaction 


The  primary  requirements  of  the  nodal  control  operator  inter- 
action function  are  to  provide  the  operator  with  a means  of: 

• Calling  up  the  nodal  control  displays  described  in  Section 
5. 2. 2. 3 

• Adding/deleting  maintenance  voltages  to/from  the  maintenance 
display 

• Fault  isolation  by  scanning  selected  equipments  continuously 

• Testing  DATEC  equipments 

• Accessing  and  changing  data  base  items. 

The  refinement  of  this  function  is  shown  in  Figure  5-27.  The 
PATE  executive  inputs  the  command  as  it  is  entered  at  the  ADDS 
keyboard  and  stores  it  in  an  input  buffer.  The  first  two  char- 
acters of  the  command  are  then  checked  to  determine  which 
operator  interaction  task  is  to  be  loaded.  A modification  was 
made  in  this  area  so  that  the  characters  NC  would  be  recognized 
and  the  task  containing  module  2.0  and  associated  modules  loaded. 
Module  2.0  uses  the  same  input  buffer  to  check  the  second  argu- 
ment of  the  command  which  is  used  to  determine  which  processing 
module  to  enter.  Each  module  in  turn  uses  the  remainder  of  the 
command  buffer  as  required.  Table  5-5  describes  the  command 
mnemonics  and  the  processing  module  called. 

As  a means  of  describing  the  processing  performed  by  each  module, 
a description  of  the  method  of  bringing  up  certain  displays, 
accessing  or  changing  files  and  entering  special  modes,  similar 
to  the  content  in  the  operator's  manual  written  as  a training 
aid  in  the  field  in  the  following  paragraphs  is  included.  Data 
contained  in  the  brackets  { } represent  variable  arguments. 

The  '.  symbol  is  not  part  of  the  keyboard  entry  made  by  the 
operator;  it  is  the  prompt  character  displayed  on  the  CRT  when 
the  program  is  waiting  on  input  information  while  in  operator 
interaction  mode. 
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TABLE  5-5.  OPERATOR  COMMAND  MNEMONICS  AND 
CORRESPONDING  PROCESSING  MODULES 


Command 

Mnemonic 

Processing 

Module 

SN 

2.6 

RN 

2.6 

LS 

2.2 

LP 

2.1 

MV 

2.3 

AV 

2.4 

DV 

2.5 

MI 

2.7 

MS 

2.10 

AC 

2.13 

CH 

2.14 
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5. 2. 3.1  Bringing  Up  The  Overview  Displai 


:nc,  fSNl 

Irn/ 


NEW  LINE  1 SN  - Restarts  Scan 

RN  - Resumes  From  Where  Interrupted 

Puts  Processor  In  Normal  Scan  Mode 


5. 2. 3. 2  Bringing  Up  The  Link  Status  Displa 


!NC,LS, 


^■{1} 


NEW  LINE  I 1 - Brings  up  Page  1,  Tl-4000  & Radio 
2 - Brings  up  Page  2,  CY-104  & TlWBl 


5, 2. 3. 3  Bringing  Up  The  Link  Performance  Assessment  Displa 


!NC,LP,1,  2 . pNEW  LINE  | 1 - Brings  up  Page  1,  Radio  Data 

■ 3 

.4j  RSL  Margin  (RSLMAR) 

EYE  Margin  (EYEMAR) 

RSL  Availability  (RSLAVL) 
EYE  Availability  (EYEAVL) 
EYE  Hits  (EYE  HIT) 

2 - Brings  up  Page  2,  Radio  Data 

EYE  Voltage  (EYEVOL) 

Rx  Squelch  (RXSQH) 

3 - Brings  up  Page  3,  Tl-4000  Data 

Framing  Error  Rate  (FER) 

FER  Availability  (FERAVL) 

Control  Reframes  (CRFRM) 

Control  Reframes  + Squelch 
(CR/SQH) 

Control  Reframes  + Hits 
(CR/HIT) 

4 - Brings  up  Page  4,  TlWBl  Data 

Framing  Error  Rate  (FER) 

Re frames  (RFRM) 


t 


INC, MV,  ThUA],  [ NEW  LINE~1 
ISBLJ 


HUA  - Brings  up  Huachuca 
Voltages 


SBL  - Brings  up  Sibyl  Voltages 
5. 2. 3. 5 Adding  Voltages  to  the  Maintenance  Voltage  Display 


!NC,AV,  IhUa'I  I NEW  LINE  | 
ISBLj 


Computer  responds  with: 

NUMBER 

Enter: 

1-6  1 NEW  LINE  1 
I NEW  LINE  1 


HUA  - Huachuca  Maintenance 
Voltages 

SBL  - Sibyl  Maintenance 
Voltages 


To  Enter  Maintenance  Voltages 
To  Re-enter  Operator  Interaction 


Computer  responds  with: 

NAME 

Enter: 

Ten  character  voltage  name  | NEW  LINE 


5. 2. 3. 6 Deleting  Voltages  From  the  Maintenance  Voltage  Display 


:NC,DV,  rHUAl  I NEW  LINf 
\SBLJ 


Computer  responds  with: 

NUMBER 
Enter : 


HUA  - Huachuca  Maintenance 
Voltages 

SBL  - Sibyl  Maintenance 
Voltages 


1-6  I NEW  LINE  I 
NEW  LINE  1 


To  Delete  Voltage 

To  Re-enter  Operator  Interaction 


I 
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5.2. 3. 7 Entering  Monitor  Immediate  Mode 


INC, MI,  FI  , TI  , 0 I NEW  LIN^  FI 


NOTE:  To  Execute  Only  One 

Item  Make  FI  = TI. 


Starting  Item  in 
Monitor  Immediate 
Table  (1-14) 

Ending  Item  in 
Monitor  Immediate 
Table  (1-14) 

Execute  FI  thru  TI 
Continuously 

Execute  FI  thru  TI 
One  Time  Only 


TABLE  5-6.  MONITOR  IMMEDIATE  ITE^iS 


Item 


Description 


Switch  BEM  to  A Radio  - HUA  (Preceded  by  MAC- 1-01) 

Switch  BEM  to  B Radio  - HUA  (Preceded  by  r*iAC-l-01) 

Switch  BEM  to  A Radio  - SBL  (Preceded  by  MAC-3-01) 

Switch  BEM  to  B Radio  - SBL  (Preceded  by  MAC- 3-01) 

Measure  EYE  Data  A - HUA  (Followed  by  MAS) 

Measure  RSL  A & B^-  HUA  (Followed  by  MAS) 

I'ieasure  EYE  Data  B - HUA  (Followed  by  PiAS) 

Measure  EYE  Data  A - SBL  (Follov/ed  by  MAS) 

Measure  RSL  A & B - SBL  (Followed  by  MAS) 
f'^easure  EYE  Data  B - SBL  (Followed  by  ^lAS) 

Input  Alarm  Scanner  Data  - HUA 
Input  Alarm  Scanner  Data  - SBL 
Measure  Maintenance  Voltages  - HUA 
Measure  Maintenance  Voltages  - SBL 


1 
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5. 2. 3. 8 Entering  Self-Test  Mode 


'mac 

INC,  MS,  ■ EPUT  • , I’ll 
[ BEM  (.3  J 


NEW  LINE 


MAC  - MAC  Self-Test 
EPUT  - EPUT  Self-Test 
BEM  - BEM  Self-Test 


Computer  responds  with: 


SELF-TEST  RESULTS 


1 - HUA  MAC  Address 
3 - SBL  MAC  Address 


5.2.3. 9 Accessing  Alarm  Thresholds  Table 


INC, AC, AT, 


NEW  LINE 


Computer  responds  with: 


RED  HIGH  THRESHOLD 


RED  HIGH  HYSTERESIS  VALUE 


AMBER  HIGH  THRESHOLD 


AMBER  HIGH  HYSTERESIS  VALUE 


CENTER  GREEN  VALUE 


AMBER  LOW  HYSTERESIS  VALUE 


AMBER  LOW  THRESHOLD 


RED  LOW  HYSTERESIS  VALUE 


RED  LOW  THRESHOLD 


N = Alarm  Threshold  Number 
(1-120) 


I 


5.2.3.10  Accessing  Site  Alarm  Trend  Table 

!NC,AC,SA,  /hua'I  I NEW  LINE  | HUA  - Access  Huachuca  SA  Table 
\SBLJ  SBL  - Access  Sibyl  SA  Table 

Computer  responds  with; 

PARAMETER? 

Enter: 

1-39  I NEW  LINE  I For  Site  Parameter 

MV1-MV6  I NEW  LINE  | For  Site  Maintenance  Voltage 
I NEW  LINE  ] To  Re-enter  Operator  Interaction 

Computer  responds  with; 
fE"!  XXXX  YY 

INJ 

PARAMETER? 

Where ; 

E - Parameter  Enabled  for  Alarming 
N - Parameter  Not  Enabled  for  Alarming 
XXXX  - Alarm  Threshold  Indicator 

f YY  - Trend  Enable  Level 

i 

h 

[ 

i 

r 

k 

I 

I 

i 


I 

♦ 


I 


5.2.3.11  Accessing  System  Statistics 


INC,AC,SS 


ThuaI 

\SBLJ 


NEW  LINE  I HUA  - Huachuca  System 

Statistics 

SBL  - Sibyl  System  Statistics 


Computer  responds  with: 


PARAMETER? 


Enter : 


NEW  LINE 


MV1-MV6 


NEW  LINE 


NEW  LINE 


Computer  responds  with; 


For  Site  Parameter 

For  Site  Maintenance  Voltage 

To  Re-enter  Operator  Interaction 


TIME  PERIOD? 


Enter! 


NEW  LIl^r~i  Where:  H - Last  Hour's  Data  Points 

D - Last  24  Hours'  Data  Points 
M - Last  30  Days'  Data  Points 
T - Last  30  Months'  Data  Points 


NEW  LINE 


To  Return  To  "PARAMETER?"  Response 


Computer  responds  with: 

FLOATING  POINT  VALUES  REQUESTED 


TIME  PERIOD? 


5.2.3.12  Accessing  Site  Threshold  Table 


JNC,AC,ST,  fHUA'l  | NEW  LINE~]  HUA  - Access  Huachuca  ST 
\SBLj  Table 

SBL  - Access  Sibyl  ST  Table 

Computer  responds  with: 

RSL  A AVAILABILITY  THRESHOLD  VALUE 
RSL  B AVAILABILITY  THRESHOLD  VALUE 
EYE  A AVAILABILITY  THRESHOLD  VALUE 
EYE  B AVAILABILITY  THRESHOLD  VALUE 
EYE  A HIT  COUNT  THRESHOLD  VALUE 
EYE  B HIT  COUNT  THRESHOLD  VALUE 
FER  A AVAILABILITY  THRESHOLD  VALUE 
FER  B AVAILABILITY  THRESHOLD  VALUE 


i 


5.2.3.13  Changing  Alarm  Threshold  Table 

{"} 


iNC,CH,AT, 


NEW  LINE 


Computer  responds  with; 

ENTER  ITEM  NUMBER 
Enter; 

rn 

[ NEW  LINE~1 


Where ; 


NEW  LINE 


N = 


Alarm  Threshold  Number 
(1-120) 


To  Return  To 
Operator  Interaction 


1 = Red  High  Threshold 

2 = Red  High  Hysteresis 

Value 

3 = Amber  High  Threshold 

4 = Amber  High  Hysteresis 

Value 

5 = Center  Green  Value 

6 = Amber  Low  Hysteresis 

Value 

7 = Amber  Low  Threshold 

8 = Red  Low  Hysteresis 

Value 

9 = Red  Low  Threshold 


Computer  responds  with; 

ENTER  FLOATING  POINT  VALUE 
Enter ; 

Floating  point  number  | NEW  LINE  | 
Examples  of  Floating  Point  Numbers; 
(1)  4.25 


I 

I 


5.2.3.14  Changing  Site  Alarm  Trend  Table 

!NC,CH,SA,  /HUaI  | NEW  LINE  1 HUA  - Change  HUA  SA  Table 

■[SBLJ 

SBL  - Change  SBL  SA  Table 

Computer  responds  with: 

PARAMETER? 

Enter: 

1-39  1 NEW  LINE~1 

MV-MV6  I NEW  line" 

I NEW  LINE  I 

Computer  responds  with: 

ALARM  ENABLE  E or  N 
Enter : 

E ) NEW  line"] 

N I NEW  LINE~| 

Computer  responds  with: 

ALARM  THRESHOLD  POINTER 
Enter: 

A number  from  1-120  | NEW  LINE  | 

Computer  responds  with: 

TREND  ENABLE  LEVEL 
Enter: 

A number  from  0-3  [ NEW  LINE  | 


For  Site  Parameter 

For  Site  Maintenance  Voltage 

To  Re-enter  Operator  Interaction 


To  Enable  Parameter  Alarming 
To  Disable  Parameter  Alarming 


! 


iA 
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5.2,3.15  Changing  System  Statistics 

INC,CH,SS,  /hUaI  I NEW  LINE  | 
ISBLJ 


HUA  - Huachuca  System 
Statistics 

SBL  - Sibyl  System 
Statistics 


Computer  responds  with: 

PARAMETERS? 

Enter : 

1-39  I NEW  LINE~1 
MV1-MV6  I NEW  LINE~1 
( NEW  LINE  I 

Computer  responds  with: 

TIME  PERIOD? 

Enter ; 


For  Site  Parameters 

For  Site  Maintenance  Parameters 

To  Re-enter  Operator  Interaction 


I NEW  LINE 


Where ; 


NEW  LINE 


H - Last  Hour's  Data 
D - Last  24  Hours'  Data 
M - Last  30  Days'  Data 
T - Last  30  Months'  Data 
To  Return  To  "PARAMETER?"  Response 


Computer  responds  with: 

ENTER  ITEM  NUMBER  OR  'D' 
Enter: 

r NEW  LINE~1  Where; 


fo} 


N = Item  No.  Within  Time 
Period 

D = Delete  All  Items  In 
Time  Period 
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5.2.3.16  Changing  Site  Thresholds 
Thua] 

[SBLJ 


!NC,CH,ST,  IhUA]  | NEW  LINE~1 


Computer  responds  with; 

ENTER  ITEM  NUMBER 
Enter ; 

1 


8 J 


NEW  LINE 


Where : 


HUA  - Change  Huachuca  ST 
Table 

SBL  - Change  Sibyl  ST  Table 


1 = RSL  A Availability 

Threshold 

2 = RSL  B Availability 

Threshold 

3 = EYE  A Availability 

Threshold 

4 = EYE  B Availability 

Threshold 

5 = EYE  A Hit  Count  Threshold 

6 = EYE  B Hit  Count  Threshold 

7 = PER  A Availability 

Threshold 

8 = FER  B Availability 

Threshold 


NEW  LINE 


To  Re-enter  Operator  Interaction 


Computer  responds  with: 

ENTER  FLOATING  POINT  VALUE 
Enter : 

Floating  point  item  value  | ~NEW  LINE  1 
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5.2.4  HIPO  Diagrams 


The  results  of  the  design  process  are  made  visible  through 
Hierarchy  diagrams  and  Input-Process-Output  diagrams.  The 
Hierarchy  diagrams  as  seen  in  Figures  5-7,  5-11,  5-13,  5-15, 

5-24  and  5-27  describe  the  organization  of  the  software  modules. 
An  Input-Process-Output  diagram  exists  for  each  module  of  the 
hierarchy.  It  tells  what  the  module  does  by  listing  the  steps 
it  performs  and  showing  the  data  flow  through  it.  The  complete 
set  of  diagrams  are  described  in  the  final  software  data  item 
DB002-2  (ATEC  DIGITAL  ADAPTATION  STUDY  - SOFTWARE  DOCUMENTATION) . 


5 . 3 CODE 

Making  the  transition  from  the  HIPO  diagrams  to  the  machine  code 
was  accomplished  by  means  of  a generalized  program  design  lan- 
guage known  as  playscripts.  This  is  a detailed  plan  describing 
how  the  coding  is  to  be  done.  It  effectively  replaces  the 
function  of  the  conventional  flow  chart.  Programmers  were  re- 
quired to  generate  a playscript  and  walk  through  it  with  the 
Chief  Programmer  before  coding  the  module.  In  some  instances, 
the  module  was  layed  out  in  playscript  form  by  the  Chief  Pro- 
grammer and  then  given  to  the  support  programmer  to  code  and 
test. 

This  form  of  program  design  language  was  used  instead  of  a more 
structured  pseudo  code  with  limited  constructs  because  machine 
language  was  being  used  instead  of  a higher  order  language. 

All  programmers  on  this  program  were  excellent  DAP  (an  assen±)ly 
language  peculiar  to  the  -16  series  Honeywell  Computer)  coders; 
therefore,  they  were  given  the  freedom  to  implement  the  state- 
ments of  the  playscript  as  they  wished  as  long  as  the  end  results 
were  as  defined.  Programraers  were,  however,  required  to  follow 
a standard  format  for  organizing  the  code.  This  included  the 
following: 

a.  Heading.  The  first  line  of  each  source  code  listing 
contains  the  module  number  and  name  as  it  appears  in  the 
hierarchy  diagram,  the  source  file  name  used  for  accessing 
the  file  for  updating  in  the  Program  Support  Library  and 
the  date  that  the  source  code  was  entered  into  the  library. 

b.  Programmer's  Name.  The  next  information  contains  the 
name  of  the  programmer  that  coded  the  module  and  the  nan>e 
of  the  last  programmer  to  revise  the  file  along  with  the 
date  that  the  revision  was  made. 

c.  Abstract . Next  appears  an  abstract  in  narrative  form 
describing  what  the  module  does. 
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monitor  module.  With  this  information,  it  could  be  determined 
that  the  control  module  was  calling  the  correct  input  module. 

The  scan  tables  were  generated  and  the  entire  set  of  modules 
was  loaded.  The  results  of  the  testing  verified  that  modules  1.0, 
1.1  and  1.1.1  did  the  job  that- they  were  designed  to  do. 

Next,  the  input  modules  (1.2,  1.3,  1.4)  were  tested.  Processing 
is  similar  in  all  these  modules  in  tJiat  they  load  the  DLC 
output  buffer  with  command  characters  and  process  the  return 
data.  It  was  decided  that  all  these  communication  modules 
could  be  tested  by  bypassing  the  DLC  communications.  A stub 
was  generated  to  replace  module  4.11  which  is  called  after  the 
DLC  output  buffer  is  loaded.  This  stub  printed  out  the  contents 
of  the  DLC  output  buffer  and  generated  data  in  the  input  buffer 
as  it  would  have  been  received  from  the  commanded  device.  This 
provided  a scheme  for  testing  all  the  output  modules  (1.2.1, 

1.3.1,  1.4.1,  1.4.2,  1.4.3)  as  well  as  the  processing  sections 
of  modules  1.2  and  1.3  and  modules  1.4.4,  1.4.5,  1.4.6,  4.22 
and  4.18.  Stubs  were  also  written  for  modules  4.9,  4.12  and 
4.16  to  allow  the  test  program  to  run  through  a complete  set 
of  test  data  to  exercise  all  modules. 

Similar  techniques  were  used  to  test  other  modules  (1.5,  1.6, 

2 . 0 and  4.8). 


5.5  SYSTEM  INTEGRATION 

It  was  in  the  system  integration  phase  of  development  that  the 
benefits  of  using  structured  programming  techniques  were  fully 
realized.  By  the  time  all  the  equipment  was  connected,  the 
only  software  modules  that  were  not  thoroughly  tested  were  the 
DLC  communication  software  written  to  replace  the  PATE  nucleus 
software  and  other  modules  associated  with  the  communication 
process . An  added  benefit  of  top-down  structured  became 
recognized  during  the  preparation  of  test  procedures  for  both 
in-plant  and  field  tests.  Personnel  not  familiar  with  the 
softv/are  were  responsible  for  writing  the  test  procedures. 
Because  of  the  visibility  provided  by  the  HIPO  diagrams  and 
playscripts,  the  procedures,  many  of  which  verified  software 
algorithms  (such  as  trending),  as  well  as  hardware  operation, 
were  prepared  without  having  to  disrupt  the  on-going  software 
design  process  by  unduly  tying  up  programmers  for  information. 


5.6  SUMMARY  OF  SOFTWARE  EFFORT 

The  following  is  a summary  of  the  effort  expended  to  develop 
the  software  for  the  DATEC  Program: 

• The  software  development  team  was  organized  in  the  Chief 
Programmer  Team  Concept  consisting  of:  chief  programmer, 
backup  programmer,  three  support  programmers  and  a 
librarian . 
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' • The  design  phase  started  in  April  1976  and  was  completed 

in  September  1976.  Coding  and  testing/ debugging  were  con- 
ducted concurrent  with  the  design  task.  The  calendar 
spread  over  which  coding  look  place  was  from  June  through 
November  1976.  Testing/debagging  was  accomplished  in 
September  through  December  J')76. 

• System  Integration  also  overlapped  the  design  process — 
running  from  October  1976  into  mid- February  1977. 

• The  breaKdown  percentage-wise  of  development  effort  was 
estimated  to  be:  design  - 60  percent;  coding  - 20  percent; 
and  testing/integration  - 20  percent. 

• In  the  course  of  the  software  development,  between  16,000 
and  17,000  instructions  of  code  were  written.  In  addition, 
15,000  words  were  written  for  the  data  base  consisting  of 
constants,  flags,  work  spaces  and  tables.  These  data 
types  were  used  in  the  loadable  data  base  file,  site  data 
overlay  files  and  the  paged  data  files.  The  coding  rate 
(including  design,  coding,  debugging,  and  documentation) 
was  between  10  and  11  instructions  per  day,  per  person. 

This  is  a conservative  calculation,  since  all  six  members 
of  the  team  were  not  on  the  program  from  beginning  to  end. 


5.7  LESSONS  LEARI^ED  FROM  STRUCTURED  PROGRAMMING  APPLICATION 

There  was  no  doubt  that  utilizing  the  top-down  structured  pro- 
gramming approach  to  software  design  resulted  in  an  orderly, 
highly  visible  design  process.  Software  program  objectives 
and  intermediate  milestones  were  met  in  a timely  fashion  because 
the  very  nature  of  structured  programming  techniques  dictated 
that  they  be  highly  definitized.  The  integration  phase  went 
smoothly  and  on-time  because  the  time  was  spent  in  integrating  - 
not  in  debugging  the  various  modules.  Field  tests  progressed 
without  tie-ups  due  to  software  problems  because  these  problems, 
when  they  did  infrequently  occur,  were  solved  quickly  by  the 
chief  programmer.  The  Chief  Programmer  Team  (CPT)  concept 
assured  that  one  person  had  overall  knowledge  of  the  complete 
software  effort. 

The  Digital  ATEC  software  is  written  in  machine  language  and  is 
therefore  restricted  to  the  316  computer.  It  should  be  pointed 
out  though,  that  because  of  the  highly  visible  documentation  pro- 
vided through  the  use  of  structured  programming  techniques,  it 
would  be  a fairly  easy  job  to  convert  the  software  to  a higher 
order  language.  Rather  than  having  to  study  listings  and  flow 
diagrams  (which  arc  the  normal  output  of  so-called  traditional 
software  development  programs)  to  try  to  understand  what  the 
software  was  doing  and  then  convert  to  higher  language;  the 
programmers  would  simply  take  the  various  modules  which  have 
already  been  structured  into  manageable  functional  blocks  and. 
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using  the  self-explanatory  HIPO  diagrams  and  supporting  play- 
scripts,  accomplish  the  conversion  task. 

Despite  all  the  positive  things  resulting  from  applying  struc- 
tured programming,  there  were  several  areas  where,  if  things  had 
been  done  slightly  differently,  the  results  would  have  been  even 
more  impressive.  These  are  summarized  below: 

a.  The  librarian  should  insist  upon  complete  documentation 
consistency.  Although  everybody  on  the  CPT  knew  the 
format  requirements,  there  were  occasional  slips.  The 
librarian  is  in  the  best  position  to  enfore  consistency. 

b.  The  librarian  should  perform  the  editing  function.  It  was 
found  that  an  efficient  way  to  handle  program  changes  was 
to  have  the  individual  programmer  red- line  his  listing  with 
the  desired  changes  and  let  the  librarian  handle  the  re- 
visions completely  from  that  point  and  place  the  revised 
listing  into  the  library. 

c.  Walkthroughs  should  be  conducted  between  the  programmer 
and  the  chief  programmer  only — not  the  entire  team. 

This  results  in  a faster  review  and  lets  the  rest  of  the 
team  free  to  carry  their  designs  forward.  As  far  as 
familiarity  with  the  other  team  members'  modules  is  con- 
cerned, it  does  not  have  to  be  obtained  in  this  manner. 

The  visibility  of  the  software  in  the  top-down  structured 
programming  method  assures  that  any  programmer  can  pick 
up  another  team  member's  output  and  gain  the  familiarity 
on  his  own  in  a short  period  of  time. 

d.  Playscripts  are  more  accurate  if  generated  concurrent  with 
the  coding  activity.  The  overall  effort  is  accomplished 

in  a shorter  time  span  also.  The  playscripts  act  as  a road 
map  for  the  coding  process;  however,  invariably  as  the 
coding  took  place,  numerous  improvements  and  required 
changes  became  evident.  Changes  to  a previously  completed 
play script  then  had  to  be  processed  and  entered  in  the 
library,  which  created  additional  effort  for  everyone 
i nvo Ived . 

e.  Module  testing  should  be  flexible  and  make  use  of  bottom-up 
as  well  as  top-down  test  techniques.  It  was  found  early 

in  the  software  module  test  phase  that  many  of  the  lower 
tier  modules  could  be  checked  out  with  relatively  little 
input  requirements  from  higher  level  modules.  These 
modules,  once  verified,  were  then  available  for  test  of 
higher  tier  modules  as  opposed  to  additional  software 
activity  created  by  the  necessity  of  generating  stubs  for 
testing  purposes. 
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5.8  CONCLUSIONS  AND  RECOMMENDATIONS  RELATIVE  TO  SOFTWARE 
PROGRAM 

The  following  paragraphs  present  the  software  related  conclu- 
sions and  recommendations  resulting  from  satisfactory  completion 
of  the  ATEC  Digital  Adaptation  Study.  The  recommendations,  most 
of  which  arose  as  a result  of  the  field  test  phase  of  the  study, 
are  presented  with  the  primary  objective  of  improving  the  over- 
all usefulness  and  effectiveness  of  the  DATEC  system. 

5.8.1  Conclusions 


The  specific  requirements  for  the  adaptation  of  PATE  software 
for  the  digital  ATEC  Program  were  delineated  in  paragraph  1.3.1 
of  Attachment  2 to  the  revised  S.O.W.  for  the  ATEC  Digital 
Adaptation  Study.  This  attachment  further  invoked  upon  the 
software  program  the  requirement  that  the  software  be  developed 
in  accordance  with  Annex  III  to  the  revised  S.O.W.  Among  the 
more  inportant  requirements  of  this  Annex  was  that  of  employ- 
ment of  structured  programming  techniques  during  the  software 
development  phase. 

Upon  completion  of  the  ATEC  Digital  Adaptation  Study  through  the 
field  test  phase,  it  is  concluded  that  the  software  program 
accomplished  all  S.O.W.  requirements  and  that  all  DATEC  program 
software  related  milestones  were  met  in  a timely  manner.  These 
conclusions  are  evidenced  by  the  successful  operation  of  the 
DATEC  software,  both  during  in-plant  and  field  tests;  by  the 
foregoing  material  presented  in  this  section,  and  by  software 
related  material  presented  in  Section  6 which  is  an  excerpt 
from  the  Field  Test  and  Evaluation  Report. 

Successful  conclusion  of  the  software  program  was  due  in  large 
part  to  the  application  of  top-down  structured  programming 
principles.  This  resulted  in  an  accurate  and  orderly  develop- 
ment process  with  a corresponding  output  of  highly  visible 
design  documentation.  The  software  development  was  accomplished 
in  an  efficient  manner  because  the  design  group  was  organized 
in  a Chief  Programmer  Team  concept.  This  assured  that  each 
member  of  the  team  had  explicit  responsibilities. 

5.8.2  Recommendations 


The  following  recommendations,  derived  primarily  from  obsei'.'c.- 
tions  made  during  field  tests  and  evaluations,  aie  made  v.  c. 
the  thought  of  suggesting  areas  in  which  DATEC  might  be  impioved 
as  a nodal  control  element. 

a.  Provide  an  immediate  scan  interrupt  capability.  This 
will  allow  the  operator  to  cain  immediate  control  without 
having  to  wai-  for  an  in-process  measurement  to  be 
completed . 

b.  Streamline  the  scan  sequence  in  order  to  shorten  scan  time. 
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c.  Update  CRT  display  with  a single  computer  output  as 
opposed  to  outputting  display  format  and  data  separately. 

d.  Provide  CRT  paging  within  a single  site  to  allow  the 
operator  to  access  various  site  displays  using  only  a 
single  page  number. 

e.  Provide  automatic  self- test  which  is  incorporated 
periodically  as  part  of  the  scan  sequence. 

f.  Make  the  following  improvements  to  the  Monitor  Immediate 
mode : 

• Provide  a constructable  scan  sequence  wherein  the 
nodal  controller  selects  the  number  and  order  of 
scanned  monitor  points. 

• Add  argument  to  Monitor  Immediate  command  word  to 
designate  the  display  page  which  is  desired  to  be 
observed . 


• Add  alarm  scanner  and  TlVJBl  FER  commands. 

g.  Provide  indication  on  CRT  when  Monitor  Immediate  mode  is 
in  progress;  also  an  identification  of  what  baseband,  A 
or  B,  is  being  monitored  by  the  BEM. 

L h.  Show  highest  level  system  alarm  as  part  of  major  alarm 

; warning  indicator. 

i.  Add  alarm  thresholds  and  flags  to  the  key  trend  analysis 
parameters . 

j.  Add  remote  alarm  status  of  the  Tl-4000  and  TlWBl  multi- 
plexers to  the  list  of  monitor  points. 

• V 

k.  Provide  an  operator  command  to  initialize  the  EPUTS  to 
ze  ro . 


1.  Add  fault  isolation  routines  to  software. 
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